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PREFACE  TO  THE  TENTH  EDITION. 

In  this  edition  easy  experimental  work  has  been  introduced  in 
the  early  chapters  on  the  composition  of  air  and  water,  diflfusion, 
some  carbon  compounds,  sulphur  and  sulphuric  acid,  followed 
by  exercises  on  quantitative  analysis,  volumetric  analysis, 
methods  of  ascertaining  molecular  weight,  &c. 

The  "  Experiments  "  on  metals  and  non-metals  comprised 
under  "Reactions  of  the  Metals"  &c.,  have  been  thoroughly 
revised  and  extended,  and  the  microscopic  structure  of  some 
common  alloys  illustrated  by  photographs. 

Appendix  I.  ("  Rare  Metals  ")  has  been  brought  up  to 
date. 

It  is  suggested  to  the  teacher  that  students  after  perform- 
ing or  seeing  some  of  the  experiments  in  the  early  chapters 
should  be  assisted  with  some  typical  examples  in  Chapter  VI, 
("  Quantitative  Exercises  "),  and  these  followed  by  fractional 
distillation,  determination  of  melting-point,  molecular  weight, 
and  examples  from  the  volumetric  analysis  section. 

Particular  attention  should  be  given  by  the  student  to  the 
experiments  and  reactions  detailed  under  each  metal  of  the 
analytical  groups. 

For  advice  and  assistance  in  the  earlier  chapters  and  the 
"Rare  Metals"  I  am  indebted  to  Dr.  F.  E.  Matthews  and 
Mr.  J,  S.  S.  Brame,  F.C.S.,  respectively.  The  micrographs 
of  alloys  are  by  Mr.  A.  H.  Coote,  B.Sc. 


W.  R.  HODGKINSON. 


-^  Obdnance  Collbgb, 


Woolwich, 
1908 
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A  COURSE 

OF 

PRACTICAL    CHEMISTRY. 

INTRODUCTION. 

Practical  or  experimental  chemistry  may  be  analytical — that  is, 
simplifying  or  taking  apart — or  synthetical. 

Analysis  may  be  by  weight  or  volume,  and  is  then  "  quantitative," 
or  may  be  simply  the  performance  of  reactions  or  tests  to  ascertain 
the  quality  or  nature  of  a  substance,  or  "  qualitative." 

Synthesis  is  the  making  or  building  up  of  a  compound — of  either 
mineral  or  organic  nature — by  starting  from  some  elements  or 
comparatively  simple  compounds,  and,  following  some  particular  line 
of  procedure,  uniting  them  so  as  to  form  a  definite  new  substance. 

Many  synthetic  methods  have  been  indicated  more  or  less  distinctly 
by  the  results  of  analytic  ones,  or  are  based  on  theories  originating 
from  a  consideration  of  analytical  results. 

All  forms  of  matter  possess  cei-tain  definite  properties,  and  it  is 
upon  some  variation  in  one  or  more  of  these  properties  that  we 
have  to  depend  for  the  identification  of  different  forms  of  matter. 
The  properties  of  matter  fall  easily  into  two  groups :  (1)  physical, 
(2)  chemical. 

The  physical  properties  of  matter  deal  with  matter  in  a  state  of 
apparent  repose,  and  some  of  them,  as  colour,  hardness,  relative 
weight,  &c.,  are  at  once  noticeable. 

The  chemical  properties  of  a  substance  are  not  evident  on  sight. 
They  are  ascertained  only  by  studying  its  behaviour  with  or  towards 
other  substances  when  brought  into  intimate  contact  therewith  under 
some  particular  physical  conditions,  such  as  the  temperature,  degree 
of  electrical  excitation,  &c. 

Physical  forces  may  alter  a  substance  for  the  time  being,  the 
substance  reverting  to  its  original  form  or  state  after  the  force 
has  ceased  to  act.  With  a  chemical  action  the  change  is,  as  a  rule, 
permanent. 

Iron  and  silver  are  spoken  of  as  metals.  If  the  two  be  severally 
heated  to  redness,  say  under  ordinary  circumstances,  in  air,  the  iron 
will  certainly  change  colour,  and  a  kind  of  "  dirt "  will  appear  on  its 
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surface.  If  made  hot  enough  the  silver  may  melt,  but  be  as  good- 
looking  as  ever.  If  they  were  weighed  beforehand,  the  iron,  with 
the  dirt  produced  on  it,  will  be  found  to  be  heavier  after  the  heating 
than  before,  and  the  silver  will  not  have  changed. 

If  this  simple  opei*ation  of  heating  be  conducted  in  a  vessel  from 
which  the  air  has  been  removed  by  a  pump  no  change  in  appearance  or 
weight  will  in  either  case  take  place.  This  indicates  the  surrounding 
air,  or  some  part  of  it,  as  being  the  pi*obable  cause  of  the  change. 

Experiment  and  observation  have  proved  that  it  certainly  is  one 
of  the  constituents  of  the  air  with  which  we  have  to  deal  in  many 
cases  of  change  of  this  type,  and  in  many  experiments  and  operations 
carried  on  under  ordinary  circumstances — that  is,  in  contact  with  air. 

The  atmosphere  consists  of  a  mixture  of  several  gaseous  substances, 
one  of  which  in  particular  is  active  in  attacking — which  is  the  same 
thing  as  combining  with — many  other  substances.  It  is  taking  part 
in  many  operations  we  perform  in  ordinaiy  air,  and  is,  in  fact,  one 
of  the  first,  if  not  the  foremost,  material  from  which  the  definite  idea 
of  chemical  action  or  combination  has  been  obtained. 

The  air  has  been  found  to  consist  mainly  of  about  20  per  cent,  of 
this  active  constituent,  called  oxygen ;  about  78  per  cent,  of  nitrogen, 
a  much  less  active  substance ;  a  small  quantity  of  some  other  gases, 
also  of  a  supposed  elementary  or  simple  nature,  named  argon,  helium, 
neon,  &c.,  amounting  in  the  aggregate  to  about  1  per  cent.,  and  about 
which  little  of  a  chemical  nature  is  yet  known ;  and  a  few  other 
substances,  of  which  carbon  dioxide  and  water  vapour  are  the  most 
important. 

The  relative  amounts  of  these  substances  vary  a  little  from  place 
to  place  and  time  to  time.  This  is  particularly  the  case  with  water 
vapour.  With  the  exception  of  the  water  vapour,  the  composition 
of  the  atmosphere  is,  however,  remarkably  constant  for  a  common 
"  mixture,"  which  it  undoubtedly  is. 

ELEMENTS  AND  COMPOUNDS.— The  materials  dealt  with  in 
chemistry  belong  to  one  or  the  other  of  tliese  classes.  Some  of  the 
constituents  of  the  air,  just  mentioned,  are  considered  to  be  of  a 
peculiar  simple  nature,  which  is  expressed  by  the  term  "  element." 

Generally  this  term  is  applied  to  a  substance — which  may  be  a 
gas,  liquid  or  solid — that  suffers  no  permanent  change  in  weight  or 
other  properties  when  submitted  to  the  most  severe  physical  treat- 
ment. 

A  feeble  idea  of  this  may  be  obtained  from  some  experiments 
with  sulphur  (Eig.  1).  Place  a  small  quantity  of  sulphur  in  a  flask 
or  dry  glass  tube.  Heat  gently  over  a  flame  until  it  melts  to  a  yellow 
limpid  liquid.  Stir  with  a  thermometer  until  it  begins  to  set  (this 
should  be  about  115°  C).  Now  melt  up  again,  without  the  thermo- 
meter ;  incline  the  tube  or  flask,  and  heat  as  strongly  as  possible  until 
the  sulphur  boils  and  dark  vapours  pass  over  into  the  other  tube.  (The 
boiling  temperature  here  is  too  high  for  an  ordinary  thermometer.) 

A  yellow  deposit  or  a  liquid  may  condense  in  the  tube,  and  some 
of  the  vapour  may  catch  fire  and  burn  at  the  mouth  of  the  boiling 


INTRODUCTION.  3 

tube  or  little  flask.  Collect  some  of  the  substance  that  has  distilled 
over.  Melt  it  gently,  and  stir  with  the  thermometer  as  before.  It 
will  be  found  to  behave  precisely  the  same  as  before  distilling. 
This  test  is  by  no  means  a  severe  one.  It  is  not  difficult  to  send 
powerful  electric  sparks  through  this  vapour  of  sulphur  whilst  it  is 
distilling,  and  the  condensed  sulphur  will  still  be  found,  to  be  un- 
changed in  its  properties.  Sulphur  can  also  be  dissolved  in  a  liquid, 
as  oil  of  turpentine  ('Hurps''),  and  obtained  therefrom  again,  of  the 
same  melting-point,  by  letting  the  "  turps  "  evaporate  away. 

The  melting  temperature,  or  "  melting-point,"  is  one  of  the  most 
characteristic  physical   properties   of  a 
substance,   and  is  frequently  employed 
for  identification  or  for  proof  of  purity 
(see  later). 

Many  substances  of  the  class  "  com- 
pound" will  also  withstand  the  tem- 
perature necessary  to  melt,  boil,  or 
vaporise  them,  and  some  are  known 
which  resist  the  electric  arc  temperature 
or  electric  sparks  passing  through  them. 
So  that  this  alone  is  not  a  sufficient 
criterion  of  an  element.  Several  con- 
ditions have  to  be  satisfied  before  a  sub- 
stance can  be  with  any  certainty  classed  Fig.  1. 
as  "elementary,"  but  the  idea  is  that 

nothing  diflfering  from  itself,  as  it  stands,  can  be  extracted  from  it — 
or,  in  other  words,  it  cannot  be  decomposed. 

"  Compounds  "  consist  of  two  or  more  "  elements  " — ^not  simply 
mixed  anyhow,  but  united  in  such  a  peculiar  manner  that  really  a 
new  material  is  formed. 

As  a  practical  example,  make  an  intimate  mixture  of  iron  filings 
and  powdered  sulphur.  Evidently  the  two  may  be  mixed  in  any 
relative  amounts.  The  colour  of  the  mixture  may  be  anything  from 
yellowish  to  nearly  black.  If  the  mixture  bo  "  joggled  "  in  a  glass 
the  iron  filings  will  partly  separate  to  the  bottom.  If  put  into  water 
the  filings  will  completely  settle,  and  most  of  the  sulphur  will  refuse 
to  be  wetted  and  will  swim.  A  magnet  stirred  into  the  powder  will 
attract  and  separate  the  iron.  It  is  also  possible  to  dissolve  the  sulphur 
and  not  the  iron,  or  the  iron  and  not  the  sulphur.  But  now  place 
some  of  this  mixture  in  a  hard  glass  tube  or  a  crucible,  and  heat 
strongly  over  a  flame,  watching  the  operation.  The  sulphur  first  will 
give  off  a  little  fume  or  smoke,  and  some  will  deposit  on  the  top  of 
the  tube;  it  will  melt,  and  then  boil ;  and  finally  the  iron  will  reach 
a  certain  temperature  and  begin  to  combine  with  the  sulphur.  It 
may  even  glow  and  become  much  hotter  inside  the  tube  or  crucible 
than  tbe  flame  can  possibly  make  it  from  the  outside.  This  is  heat 
of  chemical  combination.  The  product  may  melt  at  the  moment  of 
formation  owing  to  the  development  of  this  heat. 

Some  other  metals,  as  copper,  silver,  tin,  mercury,  lead,  show 
these  eflTects  quite  as  easily  as  iron  with  sulphur. 
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Now  when  this  "chemical  action"  really  takes  place  it  will 
be  noticed  that  either  some  sulphur  is  driven  off  from  the  mixture 
and  settles  on  the  upper  cool  part  of  the  tube,  or  that  some  iron 
filings  are  left.     Generally  the  former  will  be  the  case. 

On  cooling,  a  product  will  be  obtained  which  diffei-s  utterly  in  its 
appearance  and  properties  from  the  metal  or  sulphur.  The  means 
of  separation  before  mentioned,  when  it  was  a  mixture,  no  longer 
apply.  It  can  be  dissolved,  but  now  only  as  a  whole,  not  as  a  metal 
and  sulphur. 

As  will  be  seen,  there  is  something  of  the  nature  of  the  "  abso- 
lutely definite  "  in  the  character  both  of  an  element  and  a  compound. 
The  elements  are  possibly  able  to  exist  as  such  through  any  range 
of  temperature.  Many  of  the  compounds  we  know  and  deal  with 
practically  exist  only  as  such  within  a  definite,  and  in  some  cases  not 
very  great,  range  of  temperature.  Within  this  range,  however,  a 
compound  is  an  individual  with  as  sharply  marked  and  unchangeable 
properties  as  an  element. 

CHEMICAL  ACTION.— Probably  the  primary  condition  for  a 
chemical  action  to  take  place  is  real  contact  bet^  een  the  particles  of 
the  substances  concerned.  This  contact  is  most  easily  and  rapidly 
brought  about  between  gases  and  least  so  with  solids.  Of  the 
mechanism  of  a  chemical  action  real  ly  very  little  is  ^nown.  Elements 
join  together,  and  apparently  elements  can  attack  compounds ;  *  and 
one  compound  may  attack  another,t  involving  a  redistribution  of 
'the  elements  of  which  each  is  composed. 

The  most  important  fact  about  a  compound  is  that  it  may  be 
formed  by  the  combination  of  two  or  more  elements  in  some  way  or 
other,  but  however  any  particular  compound  may  be  formed  there  is 
always  the  same  amount  by  weight  of  each  particular  element  con- 
tained therein,  and  no  modification  of  the  process  of  formation  Will 
alter  the  relative  proportions  of  these  constituents. 

Chemical  actions  follow  definite  lines,  and  there  is  generally  a 
selective  action,  as,  for  instance,  when  a  can  unite  with  h  or  c,  but 
not  with  equal  energy.  Then  a  compound  ab  may  be  formed,  and 
c  come  into  play  only  when  the  quantity  of  b  falls  short  of  that 
requisite  to  make  a  compound. 

In  most  cases  of  chemical  union  some  energy,  generally  in  the 
form  of  heat,  is  developed.  It  is  a  constant  (quantity.  Where  the 
tendency  to  unite  is  great  the  heat  produced  is  generally  more  than 
where  the  tendency  to  union  is  less. 

There  are  cases  where  no  heat  or  enei  gy  of  any  kind  is  evolved 
at  the  time  of  formation  of  the  compound. 

*  Place  a  very  small  quantity  of  corrosive  sublimate  (mercuric  chloride)  on 
a  piece  of  clean  copper,  and  moisten  with  a  drop  of  water.  On  stirring  with  a 
match  or  quill  it  will  be  seen  that  the  copper  has  become  silvered  on  the 
surface  and  at  the  same  time  a  greenish  coloured  substance  formed. 

t  Place  a  very  small  piece  of  corrosive  sublimate  and  a  similar  t^ized  piece 
of  potassium  iodide  in  contact,  or  make  a  solution  of  each  separately  in  a 
small  volume  of  water  and  mix  the  solutions.  The  original  compounds  are 
white  crystals ;  after  redistribution  the  mass  is  coloured  pink,  because  the 
mercury  has  changed  ovt  r  from  the  chlorine  to  the  iodine. 
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In  many  of  these  cases  the  act  of  chemical  union  has  to  be 
assisted  by  the  expenditure  of  energy  in  some  form — heat  or  electric 
current — or  by  the  use  of  indirect  or  roundabout  processes,  in  each  of 
which  there  is  some  consumption  of  energy. 

These  two  classes  of  compounds  are  usually  distinguished  as 
exothermic  (those  in  the  formaticm  of  which  energy  as  heat  is. 
produced)  and  endothermic  (those  compounds  requiring  an  expen- 
diture of  energy  in  the  shape  of  help  from  outside — e.g.,  heating  to 
some  temperature  the  whole  time  the  combination  is  taking  place). 
They  are  purely  relative  terms,  and  mean  that  the  members  of  one 
class  have  more  potential  energy  at  disposal  than  the  others. 
The  difference  is  most  usually  shown  by  the  ease  with  which 
endothermic  compounds  can,  as  a  rule,  be  made  to  perform  some 
chemical  action,  or  in  many  cases  even  decompose,  when  subjected 
to  mechanical  treatment  like  friction  or  percussion.  Most,  if  not 
all,  explosives  belong  to  the  endothermic  class.  Compounds  of 
the  exothermic  class  require  the  expenditure  of  energy  to  decompose 
them. 

Chemical  actions  sometimes  commence  but  slowly,  or  the  mate- 
rials may  need  to  be  heated  to  some  essential  starting  temperature, 
and  it  may  take  some  time  before  an  action  is  completed.  But  in 
any  case  there  is  no  such  thing  as  "  nearly  ";  an  auction  either  does  or 
does  not  takepkbce.  It  often  happens,  however,  that  after  one  action 
has  commenced  and  reached  a  certain  stage  a  second  one  starts,  and 
the  two  appear  to  be  going  on  together.  This  in  some  cases 
assumes  a  seesaw  form,  the  primary  product  existing  only  for  a  short 
time,  or  a  small  amount  only  being  formed  as  a  "stage"  of  the  reaction. 
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Apparatus  required. 

The  first  essential  is  a  reliable  and  reasonably  sensitive  balance, 
with  a  set  of  weights.  A  very  simple  balance  will  serve  at  first. 
The  weights  used  are  almost  always  metrical.* 

Weights  are  usually  supplied  in  boxes,  and  are  arranged  from  50 
grms.,  thus;  50,  20,  10,  10,  5,  2,  1,  1,  1,  and  -5,  -2,  -1,  -1,  -05,  -02, 
•01,  '01,  with  some  smaller  which  are  seldom  used.  If  the  balance 
be  wide  enough  the  weights  are  most  conveniently  arranged  on  a 
piece  of  tile  or  white  paper  inside  the  case.  They  are  then  more 
easily  accessible. 

There  should  be  also  a  rider,  a  small  bent  wii'e  of  weight  '01  grm., 
to  be  used  on  the  beam  itself.     The  beam  is   often  graduated   in 

*  In  the  metrical  system  the  metre  is  the  practical  unit  of  length.  It  is 
divided  into  tenths,  hundredths,  and  thousandths.  A  cube  of  water  the  tenth 
of  a  metre  long  on  each  side  and  at  a  temperature  of  4°  C.  constitutes  the 
weight  called  a  kilogram  and  the  volume  called  a  litre.  The  y/^^  of  a  kilo- 
gram is  the  gram,  and  the  r^^o  of  a  litre  is  the  cubic  centimetre.  This 
weight  and  thi^  volume  are  so  much  used  that  they  are  commonly  designated 
by  the  abbreviations  grm.  and  c.c. 
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tenths  and  hundredth*^  of  its  length,  startiog  from  the  centre,  to  €ael 
end.    Tlie  rider,  when  on  the  centre  point  of  the  beam,  has  no  effect^ 
on  either  ^n,     When  on  the  end  mark  it  haB  the  effect  of  '01  grm. 
placed  in  the  jmn.     At  any  intermediAte  position  it  will  have  eoioe 
effect  equivalent  to  the  third  or  fourth  decimal  place. 

When  commencing  to  weigh,  place  first  tiic  substance  on  one 
pan ;  then  commence  by  putting  on  the  opposite  pan  the  Uu'geBt 


weight  of  the  set.  Slowly  turn  the  handle,  which  generally  i^Uevi 
the  balance-beam  from  its  auppoits,  and  watch  the  direction  oi 
motion  of  the  indicating  needle  on  the  Fcale  in  front.  When  i 
points  in  the  direction  of  the  pan  on  which  are  the  weights,  it  ini 
cates  that  more  ai'e  required.  Then  add  the  nejjt  greater  weight,' 
bringing  the  balance  to  rest  between  each  addition  by  turning  up 
the  beam  supports.  Thij^  tnu^t  never  be  omitted.  Never  Jump 
or  guef?s  at  the  weight,  but  always  proceed  in  order  from  the 
greatest.  As  the  correct  weight  is  appix>aehed  the  balance 
begin  to  swing  slower.     Do  not  wait  until  the  beam  comes  to 
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but  proceed  by  the  addition  or  taking  away  of  weights  until  the 
needle  swings  nearly  an  even  distance  on  each  side  of  the  centre 
mark  of  the  scale.  Let  it  swing  three  or  four  times.  It  will 
probably  on  first  turning  the  beam  loose  swing  to  6  on  one  side,  and 
return  past  the  centre  to  8  or  10.  If  the  beam  is  provided  with  a 
rider,  now  is  the  time  to  use  it.  Say  the  needle  swings  to  6  left, 
and  recovers  to  8  or  10  right,  then  more  weight 
is  wanted  on  the  right  side  of  beam.  Place  the 
rider  on,  this  time  beginning  at  the  middle  of 
beam,  or  the  mark  5,  and,  again  swinging,  move  F 

the  rider  to  less  or  more  than  5,  as  the  needle 
indicates.  When  it  swings  nearly  evenly,  turn 
up  the  beam  to  rest,  and  then  carefully  again 
liberate.  It  should  be  set  swinging  five  or  six 
degrees,  and  allowed  to  swing  several  times 
before  arresting.  If  equilibrium  has  been  ob- 
tained the  swing  will  diminish  regularly  on  each 
side  of  the  centre.  Bring  to  rest,  and  read  off 
the  values  of  the  weights  from  the  empty  spaces, 
either  in  the  weight-box  or  on  the  paper  referred 
to  as  holding  them  in  the  balance-case.  Pick  the 
weights  from  the  pan,  and  replace  them  in  order, 
seeing  at  the  same  time  that  they  tally  with  the 
weight  recorded.  It  is  advisable  sometimes  to 
reverse  the  positions  of  weights  and  substance.. 
If  the  balance  is  in  fair  order  the  result  should 
be  practically  the  same.  pj^j^  3^       ^ig.  4. 

One  side  or  pan  of  the  balance  must  be  kept  Pipette.  Burette, 
for  the  substance  and  the  weights  respectively. 
Nothing  whatever  must  be  placed  on  the  naked  pan,  but  always  on 
a  glass  or  porcelain  or  other  vessel.  This  containing  vessel  must 
be,  of  course,  itself  weighed,  either  before  or  after,  and  its  weight 
deducted  from  that  of  the  substance. 

Balances  must  be  kept  in  one  place  and  level  on  a  steady  bench. 
Nothing  whatever  should  be  put  inside  the  balance  case  but  the 
thing  to  be  weighed  and  the  weights.  When  weighing  anything  a 
book  should  be  taken  to  the  balance  and  the  weighings  entered  at 
once. 

A  few  measuring  vessels,  flasks,  or  cylinders  and  a  burette  are 
most  useful.  The  graduated  flasks  should  be  1  litre,  ^  litre, 
250  c.c,  and  100  c.c.  The  measuring  cylinder  should  be  500  c.c, 
graduated  into  1  c.c. 

Burettes  are  generally  made  to  hold  a  little  more  than  50  c.c, 
and  there  are  50  c.c.  graduations,  and  each  c.c.  again  into  fifths  or 
tenths.  It  is  more  convenient  to  have  55  or  60  c.c.  divisions  and 
each  into  fifths. 

The  burette  and  the  gram  weights  should  work  together.  The 
50  c.c.  of  distilled  water  at  15°  C.  measured  from  the  burette  should 
be  very  close  indeed  to  50  grms.  weight.  Usually  burettes  are 
graduated  with  water  at  15°-16°  0. 
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Weighing  should  be  practised  first  of  all  on  the  weights,  the 
50  grm.  piece  being  tested  against  the  collective  small  weights,  then 
the  20  grm.  against  smaller  pieces,  and  so  on. 

A  small  flask  should  then  be  weighed  either  by  weights  or 
counterpoised  by  shot,  &c.,  50  c.c.  of  distilled  water  introduced,  and 
then  weighed.  This  should  also  be  done  with  20  c.c.  and  10  c.c. 
The  result  will  not  be  exactly  50,  20,  and  10  grms.,  but  should  not 
differ  very  widely  therefrom.     The  weight  of  1  c.c.  water  at  15°  C. 


Fig.  5.— Measuring  Flask.  Fig.  6. — Measuring  Cylinder. 

is  not  the  same  as  that  of  1  c.c.  at  4°  C,  water  expanding  when 
warmed  above  the  temperature  of  4°  C. 

METALS  AND  NON-METALS.— In  everyday  life  some  substances 
of  the  "  element "  class  are  called  "  metals,''  whilst  this  term  is  with- 
held from  others. 

Quite  a  number  of  elements  have  some  characters  in  common.  For 
instance,  copper,  silver,  gold,  iron,  nickel,  aluminium,  are  solids  which 
can  be  moulded  or  shaped  by  pressure,  polished  or  burnished  by 
friction.  They  are  more  or  less  ductile — that  is,  can  be  drawn  out  or 
extended  into  wire ;  and  they  will  withstand  a  considerable  strain 
before  breaking.  They  allow  heat  and  electricity  to  flow  along  them 
with  more  or  less  ease.  Some  are  very  elastic  and  sonorous  when 
struck.     They  do  not  dissolve  as  such,  or  unchanged,  in  any  liquid. 

A  number  of  other  substances,  also  elements,  show  few  if  any  of 
these  properties,  or  only  to  a  very  slight  extent.  They  are  termed 
"  non-metahy  Some  are  gases,  one  is  liquid  at  ordinary  tempera- 
tures; and  of  the  solids  several  are  soluble — as  sulphur  and  phos- 
phorus, iodine,  <fec. — in  liquids,  and  may  be  crystallised  without 
chemical  action  or  change  from  these  solutions. 

The  line  of  demarcation  is,  however,  not  a  sharp  one.  Some 
elements  show  the  metallic  property  in  an  eminent  degree,  as  gold, 
others  nothing  of  it,  as  some  gaseous  elements,  and  others,  again,  are 
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somewhat  intermediate  in  character.  In  addition  there  are  some 
decidedly  chemical  differences,  as  will  appear  later.  The  terms  metal 
and  metallic  and  non-metal  are  useful  if  understood  in  a  broad  sense. 

The  practical  employment  to  which  a  metal  is  applied  depends 
partly  on  its  physical  and  partly  on  its  chemical  properties. 

Iron  (and  steel)  heads  the  list  in  the  master  of  tensile  strength 
and  hardness,  but  it  is  somewhat  easily  acted  upon  by  a  number  of 
other  substances,  which  restricts  its  use  or  necessitates  the  employ- 
ment of  some  protective. 

Lead  is  one  of  the  softest  of  the  metals,  and  its  tensile  strength  is 
very  slight.  It  can,  however,  be  easily  rolled  or  pressed  into  sheets  or 
tubes,  and  is  not  very  rapidly  acted  upon  chemically  by  things  in 
ordinary  use.  Most  of  the  common  metals  fall  between  iron  and 
lead  in  the  matter  of  hardness  and  softness,  tensile  strength,  &c., 
although  not  in  the  matter  of  chemical  resistance.  Some  are  more 
resistant  than  lead,  and  others  less  so  than  iron. 

Speaking  broadly,  metals  show  a  greater  tendency  to  unite  with 
non-metals  than  with  metals.  Still,  metals  do  unite,  and  these 
combinations  are  generally  called  "  alloys."  Sometimes  the  tendency 
to  combine  is  slight,  and  then  something  like  mixtures  or  solid 
solutions  are  obtainable.  Some  alloys  seem  to  be  of  relatively  simple 
composition,  as  brass,  which  may  be  considered  as  ZnCu^  about 
67  per  cent.  Cu  and  33  Zn  (this  is  not  the  universal  opinion) ;  or 
very  complex,  as  steels  undoubtedly  are,  consisting  of  a  compound, 
as  FOgC,  combined  with  a  considerable  number  of  atoms  of  iron, 
perhaps  after  the  manner  in  which  water  of  crystallisation  is  held  by 
some  salts  (see  later,  water  of  crystallisation  in  salts,  "  Iron,"  &c.). 


CHAPTER  I. 

ON  THE  NATURE  AND  COMPOSITION  OF 
ATMOSPHERIC  AIR. 


As  stated  (aiite,  Introduction),  the  air  consists  of  a  mixture  of  gaseous 
elements  and  compounds.  The  mixture  has  an  exceedingly  constant 
composition,  owing  mainly  to  the  action  of  diffusion  of  gases.  A  litre 
(1000  c.c.)  of  dry  air  at  0''  C.  weighs  1-293  grm. 
Air  may  be  dried  hy  standing  over  or  bubbling 
through  concentrated  sulphuric  acid,  or  by  con> 
tact  with  solid  calcium  chloride,  these  substances 
removing  water  only. 

Dry  air  is  appreciably  heavier  than  damp  or 
moist  air,  because  water  vapour  is,  bulk  for  bulk, 
much  lighter  than  air,  and,  when  present  in  air, 
Jill  is  not  dissolved,  but  exists  side  by  side  with  the 

^  Nrea  n  other  gases,  exerting  part  of  the  pressure  of  the 
whole.  That  is,  supposing  some  ordinary  air  is 
exerting  a  pressure  of  80  inches  of  mercury,  and 
the  water  vapour  can  by  some  means  be  extracted 
from  it,  the  pressure  would  be  reduced. 

The  volume  of  this  water  vapour  in  air  at 
any  place  can  be  ascertained  by  means  of  the 
apparatus  shown  in  Fig.  7, 

The  flask,  which  may  be  of  about  1000  c.c. 
capacity,  has  a  gauge  arranged  to  the  side  tube, 
and  through  the  cork  a  burette  and  another  tube, 
with  tap. 

The  bent  tube  or  gauge  should  contain  as 
indicating  liquid  some  weak  sulphuric  acid.  The 
burette  is  charged  with  concentrated  sulphuric 
acid,  and  the  small  side  tap  is  for  adjusting  the 
air  pressure  at  starting. 
To  lose. — The  flask  must  be  quite  dry,  and  may  be  filled  with  the 
air  of  the  place  by  simply  leaving  open  for  a  short  time.  The  cork,  wii^ 
its  burette  and  air  tap,  is  then  introduced,  the  gauge  made  level  by  just 
opening  the  tap  and  closing  again.  Now  a  few  drops  of  sulphuric 
acid  are  allowed  to  fall  in.  The  liquid  in  the  outer  gauge  tube  will 
at  first  rise  slightly,  and  then  within  a  few  minutes  fall,  thus  indicating 


Fig.  7.— Flask  with 
gauge  and  burette. 
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that  the  pressure  inside  is  less  than  the  external.  Water  vapour  is 
being  absorbed  by  the  strong  acid.  More  acid  is  now  let  in  to  bring 
the  gauge  again  level.  After  one  or  two  additions  the  gauge  will 
remain  constant.  All  the  water  vapour  has  been  absorbed,  and  in 
its  place  a  certain  number  of  cubic  centimetres  of  acid  have  been 
run  in.  The  total  capacity  of  the  flask  must,  of  course,  bo 
known. 

The  number  of  cubic  centimetres  of  acid  run  in  to  make  the 
pressure  the  same  as  at  commencement  is  evidently  the  volume  of 
water  vapour  existing  in  the  air  and  exerting  part  of  the  total  air 
pressure.  Supposing  the  flask  have  1000  c.c.  capacity,  and  14  c.c.  of 
acid  are  run  in  before  the  gauge  is  level,  it  indicates  that  14  c.c.  of 
water  vapour  were  present  in  the  original  air. 

The  flask  should  stand  in  a  place  of  a  steady  temperature,  and, 
beyond  opening  the  taps,  must  not  be  touched  by  the  hand  during 
the  operation,  as  all  gases  expand  very  much  even  when  slightly 
heated. 

EXPANSION  OF  A  GAS.— If  a  gas  be  heated  from  the  tempera- 
ture of  melting  ice  to  273°  0.  the  volume  will  be  doubled  provided 
the  pressure  on*  it  be  kept  constant. 

If  a  certain  volume  of  a  gas,  enclosed  in  a  vessel  provided  with 
a,  pressure-gauge,  be  similarly  heated  from  the  melting-point  tempe- 
rature of  ice  to  273°  0.  the  pressure  of  the  enclosed  gas  in  the  vessel 
will  be  30  inches  (or  760  mm.)  above  the  outside  pressure. 

Supposing  in  this  experiment  the  gas,  instead  of  being  heated, 
^were cooled  from  the  ice  temperature  (0°  0.)  still  further,  the  pressure- 
^auge  will  show  a  regularly  diminishing  pressure  as  the  temperature 
falls,  until  at  a  temperature  of  273°  C.  below  the  temperature  of 
melting  ice  the  gauge  would  show  a  total  absence  of  pressure.  This 
eflFect  would  result  with  a  perfect  gas — ^that  is,  a  substance  that  could 
exist  ordy  in  the  gaseous  state.  This  low  temperature  has  not  been 
obtained.  Most,  if  not  all,  the  known  gases  become  liquefied,  or  even 
solidified,  before  this  low  temperature  is  reached.  The  known  gases 
are  therefore  in  this  sense  not  quite  perfect. 

The  temperature  of  273°  0.  below  the  melting-point  of  ice  is  known 
as  "  absolute  "  zero. 

The  **  particles,"  or  molecules,  or  atoms  of  a  "perfect "  gas  would, 
at  this  temperature,  be  at  rest.  The  weight  would  be  the  same,  but 
there  would  be  no  pressure  on  the  sides  of  the  containing  vessel. 
It  could  scarcely  be  a  vacuum  vessel,  for  a  perfect  gas  could  not 
liquefy  nor  solidify.  Its  particles  would  be  in  the  vessel,  but 
standing  still.  The  particles  or  molecules  of  all  known  gases  are 
undoubtedly  in  a  state  of  motion,  moving  very  rapidly  in  all  directions. 
It  is  the  impact  of  these  many  particles  or  molecules  on  the  sides  of 
the  vessel  that  constitutes  the  pressure  of  the  gas.  When  heated 
the  motion  is  accelerated,  and  the  number  of  impacts  per  second 
increased ;  when  cooled,  the  rate  is  lowered,  and  the  number  of 
blows  per  second  falls.  The  pressure  exerted  by  a  gas  in  a  closed 
vessel  increases  regularly   with   rise   and   diminishes  with   fall   in 
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Fig.  8. 


temperature.  At  some  temperature,  which  is  a  constant  for  eadi 
gaseous  substance,  liquefaction  takes  place,  and  at  a  lower  tempen- 
ture  solidification,  and  at  some  point  a  little  ])elow  this  there  k 
generally  a  most  excellent  vacuum  in  the  vessel,  providin|| 
of  course,  that  it  was  filled  with  the  particular  gas  only 
at  the  commencement  of  the  experiment.  The  idea  of 
"  absolute "  zero  (  -  273°  C),  0°  C.  abs.,  is  founded  oi 
what  would  probably  be  the  behaviour  of  a  perfect  gas. 

Based  on  the  foregoing  is  the  statement  that  gastt 
expand  ^ri^  of  their  volume  at  0°  C.  for  every  degni 
they  are  heated  above  and  contract  ^^  for  every  degm 
they  are  cooled  below  this  temperature. 

DIFFUSION. — The  property  of  diffusion  is  not  confined, 
to  gaseous  substances,  but  exhibited  by  them  in  an 
eminent  degree.  Some  of  the  effects  may  be  seen  by  the 
use  of  quite  simple  apparatus. 

Two  glass  cylinders,  or  ordinary  bottles  with  narrow 
necks,  are  each  filled  with  a  gas — say  hydrogen  or  coal 
gas  in  one  and  carbon  dioxide  or  sulphur  dioxide  in  the  other.     Join 
them  together  by  the  cork  and  tube,  so  that  the  hydrogen  (or  coal 
gas)  is  above  and  the  much  heavier  gas  below.     After  standing  for 
thirty  or  forty  minutes  they  may  be  taken  apart,  and  the  lower  ooe 
tried  with  a  flame  and  the  upper  one  inverted  in  a  basin  of  weak 
sodium  hydroxide  solution  or  weak  ammonia.     The 
alkaline  liquid  will  dissolve  the  carbon  or  sulphur 
dioxide,  and  the  liquid  will  rise  in  the  bottle,  show- 
ing,  roughly,   how   much   of  the   heavier   gas  has 
diffused  upwards  iuto  the  lighter  in  the  time.    If 
the  contents  of  the  bottom  cylinder  inflame  when  a 
lighted  taper  is  applied  to  the  mouth  of  the  cylinder, 
it  proves  a  considerable  difl*usion  of  the  lighter  gas 
downwards.      Another  arrangement   which   shows, 
qualitatively,  the  rate  of  dififusion  of  hydrogen  com- 
pared with  air  is  to  afiix  by  a  cork  a  small  porous, 
or  unglazed,  earthenware  cylinder  (battery  cylinder) 
at  the  end   of  a  glass  tube.     The  tube  may   be  a 
metre   or   more  long,   and   somewhat   less    than  a 
centimetre  in  diameter.     The  open  end  of  the  tnbe 
should  be  dipped  under  water,  and  a  beaker  inverted 
over  the  cylinder  (see  Fig.  9).     Hydrogen  or  coal  gas 
is  blown  into  the  beaker,  and  collects  therein,  b^g  ' 
lighter  than  air.     It  begins  at  once  to  diffiise  through  the  porous 
cylinder,  driving  air  before  it,  as  will  be  seen  by  the  bubbles  escaping 
from  the  immersed  end  of  tube.     Some  air  diff*uses  back  into  the 
lighter  gas,  but  the  advantage  in  rate  is  with  the  latter,  and  it  acts 
against  gravity.     On  removing  the  beaker  of  light  gas  after  a  few 
minutes  water  will  be  seen  to  rise  in  the  tube  somewhat  rapidly  and 
to  a  considerable  height.    After  the  light  gas  has  entered  the  poroos 
jar,  and  the  beaker  still  contains  the  same  gas,  things  assume  a 


Fig.  9. 
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steady  condition — as  much  passes  one  way  as  the  other  through  the 
'walls  of  the  porous  jar.  But  when  the  outer  beaker  is  removed  light 
^as  from  the  inside  diffuses  through  into  air  quicker  than  air  can 
diffuse  back.  There  is  therefore  less  pressure  inside  the  glass  tube 
mnd  porous  jar  than  outside,  and  the  water  rises  to  a  certain  height 
"to  equalise  this  difference. 

The  law  as  to  diffusion  is  stated  thus :  Gases  diffuse  at  rates 
inversely  as  the  square  roots  of  their  relative  densities.  That  is, 
for  instance,  hydrogen  has  only  ^^  of  the  weight  of  oxygen  for  the 
same  volume,  and  their  relative  rates  of  diffusion  are  as  1  to  4. 
This  appears  to  hold  good  in  all  cases. 

With  the  apparatus  shown  in  Fig.  10  the  rate  of  interdiffusion  of 
^wo  gases  may  be  observed.  Place  a  little  liquid  in  the  gauges  ;  then 
Uow,  say,  oxygen  into  one  flask  and  hydrogen  into  the  other.  The 
liquid  in  the  gauges  will  blow  up  to  the  bulb,  and,  after  thoroughly 


Fig.  10. 

fQling  the  flasks  and  closing  the  taps,  the  liquid  will  again  fall  into  the 
tube  and  seal  the  gas,  A  momentary  opening  of  the  taps  will  level  the 
gauges,  and  then  the  tap  on  the  joining  tube  can  be  opened,  thus  allow- 
ing the  gases  to  come  in  contact  through  the  porous  clay  tube.  It 
will  be  observed  that  the  gauge  on  the  hydrogen  flask  will  slowly  fall, 
whilst  that  on  the  oxygen  will  rise,  indicating  that  more  hydrogen 
is  going  through  the  porous  tube  into  the  oxygen  than  in  the  reverse 
direction.  After  some  time  both  gauges  will  come  to  a  common  level. 
There  will  then  be  equal  amounts  of  each  gas  in  each  flask,  and  as 
much  is  passing  one  way  as  the  other. 

Diffusion  is,  then,  only  to  be  explained  by  assuming  that  the 
minute  particles  or  molecules  of  gases  are  in  rapid  motion,  their 
velocity  depending  on  their  mass  or  weight  and  the  agitating  cause 
being  heat-energy.  Cooling  a  gas  reduces  the  velocity  of  motion  of 
the  molecules,  which  accounts  for  diminution  in  pressure. 

l^y  means  of  diffusion  it  is  possible  to  separate  one  gas  from 
another,  provided  there  is  a  little  difference  in  density.  For 
instance,  if  a  mixture  of  hydrogen,  oxygen,  and  nitrogen  be  con- 
ducted from  one  vessel  to  another  by  means  of  a  length  of,  say,  20 
centimetres  of  tobacco  pipe  (unglazed  earthenware)  much  hydrogen 
will  be  lost  on  the  first  passage,  and  on  repeating  this  treatment  it 
can  be  entirely  removed. 
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Glass  and  a  number  of  sulMtances  known  as  colloids  are  quite  non- 
porous.  Although  the  ultimate  particles  of  gases  are  extremeh 
small,  they  are  unable  to  penetrate  glass  oven  under  great  pressure. 
Unglazed  earthenware,  thin  plates  of  some  metals,  and  other  sub- 
stances are  porous — that  is,  full  of  minute  tubes  or  passages  througii 
which  gases  can  easily  pass  or  wander.  If  a  mixture  of  two  gasei 
comes  in  contact  with  a  wall  of  such  porous  material  the  particles  will, 
if  of  the  same  weight  or  specific  gravity,  be  moving  at  the  same  rate, 
and  will  hit  and  peneti*ate  these  paftsages  or  tubes  at  the  same  rate. 
The  part  passing  through  the  porous  barrier  will  have  the  sanu 
relative  composition  as  at  the  beginning.  But  if  one  gas  be  lighter 
than  the  other  its  particles  or  molecules  will  be  moving  much  quicker. 
It  has  therefore  several  chances  to  one  over  the  heavier,  depending 
on  their  relative  densities^  of  getting  through  one  of  the  fine  tubei 
or  pores. 

The  mechanism  of  dilTusion  goes  some  way  to  explain  the  natue 
of  the  gaseous  state. 


CHAPTER  II. 

RUSTING  OR  OXIDATION  OF  METALS. 

Most  metals  tarnish  or  rust  slowly  in  air  at  ordinary  temperature. 
This  rusting  usually  takes  place  more  rapidly  when  the  metal  is 
heated  somewhat  strongly  or  melted. 

Rusting  is  generally  due  to  some  chemical  action  at  the  surface. 
Most  often  it  is  a  case  of  absorption  of  oxygen.  There  is  always  a 
decided  gain  in  weight  when  this  is  taking  place.  The  process  can 
proceed  only  to  such  an  extent  that  a  definite  oxygen  compound  will 
have  been  formed. 

Weigh  a  small  porcelain  dish.  Place  in  it  some  copper  turnings 
and  weigh  again — the  amount  of  turnings  may  be  between  1  and  2 
grms.  Heat  tlie  dish  over  a  Bunsen  flame,  so  that  air  has  free  access 
to  the  turnings.  The  copper  will  become  black  on  the  surface,  and  if 
the  heating  be  patiently  continued  the  whole  of  the  metal  will  be 
converted  into  a  reddish  black  powder.  On  weighing  the  dish  again 
after  cooling  the  copper  will  be  found  to  have  increased  by  almost 
a  fourth  of  its  original  weight. 

This  experiment  may  be  repeated  with  the  metals  tin,  lead, 
and  zinc.  As  all  these  melt  under  the  conditions  of  heating,  they 
become  coated  with  a  layer  of  dirty  coloured  material  which  protects 
the  metal  beneath.  They  should  be  stirred  with  a  small  glass  rod, 
which  is  weighed  along  with  the  dish  in  the  first  instance,  and,  of 
course,  left  in  the  dish  and  weighed  with  it  finally.  A  decided  gain 
in  weight  in  each  case  will  be  noticed.  The  products  obtained  should 
be  saved  for  further  experiments.     They  are  oxides. 

The  two  metals  maguj^Bium  and  aluminium  may  be  similarly 
experimented. with,  but  require  more  care. 

Weigh  a  small  porcelain  "crucible  and  lid.  Take  about  2*5  grms. 
magnesium  filings,  or  2  5  aluminium  powder.  Both  these  metals  may 
be  set  on  fire  by  a  match  flame.  They  will  then  glow  very  brightly, 
and  the  magnesium  may  give  off  a  little  fumo  or  smoke.  The  mag- 
nesium will  increase  to  about  4  grms.  and  the  aluminium  to  about  5 

With  the  metals  mentioned  the  actions,  when  completed,  can  be 
expressed  in  chemical  formulae  which  represent  definite  amounts  by 
weight  acting  together. 

COMPOSITION  OF  AIR.— A  rough  idea  of  this  may  be  obtained 
by   passing  a   known   volume   of   air   over   some   strongly   heated 
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copper  turnings  or  fine  wire  containeil  in  a  tube  (see  Fig.  11).  The 
fLisks  shoiiUI  be  as  nearly  as  |)assible  the  same  size,  or  their  capacity 
iiscertiiined  ]:)i'etty  accuratol}'.  <  >ne  ihisk  is  full  of  air,  the  other  €i 
water.  As  the  water  flows  slowly  down  the  first  syphon,  air  is 
driven  over  the  metil  contained  in  the  heated  tube,  and  displaces 
the  water  in  the  end  flask.  The  second  flask  will  not  contain  quite 
the  same  volume  of  gius  as  the  first  contained  water. 

l^fore  measuring  the  water  remaining  in  the  second  flask  acca- 
I'ately,  the  cork  with  tul>es  shoiihl  l^e  rapidly  replaced  by  another 
unbored  cork,  and  at  least  two  experiments  made  with  the  gas.  First  a 
lighted  tii\)er  immersed  for  a  moment ;  it  will  l)e  extinguished.  Then  a 
burning  pi(H;e  of  magnesium  ribbon  may  be  inti-oduced ;  it  will  be  seen 
to  glow  for  a  little  time,  but  not  actually  burn  with  a  flame.     This  gas 
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is  mainly  nitrogen.  Ordinary  combustible  substances,  as  a  taper, 
will  not  burn  in  it ;  but  a  few  uit^tals,  magnesium  and  some  others, 
will  do  so  if  strongly  heated  to  begin  with. 

Now  the  water  in  the  llask  may  be  measured  in  a  graduated 
vessel  and  an  idea  of  the  volume  of  oxygen  absorbed  by  the  red-hot 
copper  obtained.  If  the  capacity  up  to  the  mark  was  1000  c.a, 
about  200  c.c.  of  water  should  bo  left  if  the  volunie  of  air  driven 
over  was  also  1000  c.c.  It  may  be  less,  because  the  gas  is  heated 
and  expanded  in  passing  over  the  red-hot  copper. 

Nitrogen  obtained  from  air  by  any  method  of  absorbing  the 
oxygen  is  never  pure,  but  contains  argon  and  other  gases. 

Pure  nitrogen  may  be  obtained  from  several  comi>ounds.  The 
most  common  natural  compounds  commercially  obtainable  are  potas- 
sium and  sodium  nitrates.  One  or  other  of  these  nitrates  is  the 
immediate  source  of  many  nitrogen  compounds,* 

*  Many  plant  and   animal  products,   also   coal  and  jet,  contain  small 
quantities  of  nitrogen  in  combination. 
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Nitrates  contain  a  metal,  oxygen,  and  nitrogen.  They  are 
somewhat  complex  substances.  Potassium  nitrate  contains  nearly, 
and  sodium  nitrate  more  than,  50  per  cent,  by  weight  of  oxygen. 
When  strongly  heated  both  substances  first  melt  and  then  begin  to 
decompose,  giving  off  gases,  most  of  which  is  at  first  oxygen,  and 
later  a  mixture  of  oxygen  and  nitrogen.  If  melted  up  with  some 
metals  the  oxygen  is  retained  as  a  solid  compound  and  the  nitrogen 
set  free  as  gas. 

Iron,  in  filings,  is  very  suitable  for  this  purpose.  A  thorough 
mixture  should  be  made  of  dry  powdered  potassium  nitrate  (nitre) 
and  iron  filings,  in  the  proportion  of  one  part  by  weight  of  the 
nitrate  to  at  least  three  of  the  filings. 

The  mixture  should  be  placed  in  a  tube  of  hard  glass,  arranged 
as  in  Fig.  12,  and  heated  at  first  at  the  top  part.  The  mixture  will 
begin  to  glow  and  gas  escape  from  the  tube,  and  the  glow  will 
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slowly  extend  down  the  tube.  Several  tubes  must  be  ready  to  be 
filled.  The  water  should  contain  a  little  sodium  hydroxide,  because 
iron  filings  may  contain  some  carbon,  which  gives  rise  to  carbon 
dioxide.  The  first  tube  full  of  gas  is  usually  rejected,  as  it  will 
contain  some  air. 

The  speed  of  the  reaction  can  be  modified  by  the  amount  of  iron 
filings  employed.  The  more  filings  the  slower  the  action,  and  vice 
versa.  With  too  small  an  amount  of  iron  filings  the  reaction  becomes 
an  unmanageable  fireworks.  10  grms.  of  saltpetre  and  30  of  iron 
filings  will  give  quite  sufficient  gas  to  experiment  with. 

Other  metals  besides  iron  may  be  employed,  but  in  some  cases 
the  action  is  somewhat  ungovernable,  and  some  oxides  of  nitrogen 
may  be  mixed  with  the  product. 

Larger  quantities  of  nitrogen  may  be  prepared  by  the  reaction 
between  some  compounds  of  ammonia  and  nitrites. 

Sodium  nitrite  and  ammonium  chloride  give  a  good  example  of 
two  compounds  interacting. 

Equal  weights  of  these  substances,  say  10  grms.  of  each,  are  mixed 
with  about  50  c.c.  of  water  in  a  flask,  with  either  side  tube  or  cork 
and  delivery  tube.  On  gently  warming,  the  reaction  commences,  and 
the  nitrogen  gas  may  be  collected  in  any  convenient  manner,  as  in 
several  tubes  over  water, 
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If  a  ga8-holder  is  available  a  larger  quantity  of  the  gas  si 
be  collected.  A  gas-holder  may  be  eztemporisidd  from  a  wa£ 
flask,  as  shown  in  Fig.  1 3. 

The  flasks  and  tubes  are  filled  with  water.  The  gas  general 
attached  by  a  flexible  tube  to  the  upright  flask.     As  the  gas  ei 


this  the  water  flows  from  the  inverted  flask.  The  flexible  tube  oi 
upright  flask  must  have  a  clip  or  stopper.  If  now  water  be  di 
into  the  inverted  flask,  the  gas  can  be  expelled  at  any  desired 
from  the  upright  flask  and  collected  in  test-tubes  for  experimen 
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Experiments  ivith  the  Tubes  of  Nitrogen  Gas. 

I.  Test  one  tube  with  strips  of  blue  and  red  litmus  pape] 
with  a  water  solution  of  litmus.     They  should  not  change. 

II.  A  lighted  taper  is  extinguished. 

III.  A  glass  rod  dipped  in  lime  or  baryta  water  and  held  in 
gas  should  not  become  white  or  milky. 

lY.  Make  a  fair  amount  of  nitrogen  gas  and  collect  in  some  i 
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of  gas-holder.  A  suflScient  quantity  may  be  obtained  by  mixing  about 
10  grms.  of  ammonium  chloride  (sal  ammoniac)  with  the  same 
weight  of  sodium  nitrite,  and  warming  with  a  little  water  in  a  flask 
with  cork  and  delivery  tube.  Arrange  a  tube  containing  a  few 
grams  of  magnesium  filings  as  in  Fig.  14.  Drive  the  nitrogen  slowly 
through  a  sulphuric  acid  drying  tube,  and  then  the  magnesium 
tube  to  expel  all  air.  Then  close  the  tap  and  heat  the  magnesium. 
The  nitrogen  will  be  gradually  absorbed  by  the  metal  and  the 
mercury  rise  from  the  cup  up  the  tube.  The  nitrogen  may  be  again 
turned  on  and  the  operation  repeated  several  times.  A  nitride  of 
magnesium  is  formed.  It  is  a  red-coloured  substance  when  hob  and 
yellow  on  cooling.  It  should  be  saved  for  further  experiments.  On 
contact  with  water,  magnesium  nitride  produces  ammonia  and  mag- 
nesium oxide.     A  very  small  quantity  of  this  nitride  is  produced 


Fig.  15. 

ivhen  magnesium  ribbon  is  burnt  in  air.  The  main  product  then, 
however,  is  magnesium  oxide. 

If  the  nitrogen  from  air  be  treated  with  magnesium  somewhat 
on  this  line,  but  a  little  more  elaborately,  the  inert  gases,  argon, 
ike,  may  be  obtained  as  a  residue  not  absorbed  by  the  metal. 

OXYGEN. — It  is  possible  to  separate  oxygen  from  air,  but  not  very 
easily,  as  most  substances  combine  with  the  oxygen. 

Most  metallic  oxides,  when  heated  to  a  certain  temperature, 
absorb  a  further  quantity  of  oxygen,  to  a  definite  extent,  producing 
another  oxide.  At  higher  temperatures  this  new  oxide  will  again 
decompose  into  oxygen  and  the  original  oxide.  By  variations  of  tem- 
perature, therefore,  it  is  possible  to  have  a  seesaw  action — absorption 
at  one  stage  and  resolution  at  another.* 

Red  oxide  of  mercury  may  be  heated  in  a  tube  something  like 
Fig.  15.  Mercury  will  be  observed  to  condense  on  parts  of  the  tube, 
and  a  gas  will  collect  over  the  water. 

♦  This  has  been  utilised  for  technical  purposes — the  production  of  oxygen 
on  a  large  scale — barium  oxide  being  the  substance  generally  employed!  It 
is  somewhat  difficult  on  a  small  scale,  and  other  methods  should  be  first  tried. 
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The  tube  should  be  of  hard  glass,  as  the  temperature  required 
will  melt  an  ordinary  test-tube.  1  grm.  of  the  red  oxide  is  suf- 
ficient for  one  experiment. 

Test-tubes  will  generally  do  for  collecting  gases  in  these  experi- 
ments. The  tube  should  be  about  two-thirds  filled  with  the  gas, 
and  then  turned  up,  with  the  finger  closing  the  tube,  or  a  cork, 
previously  prepared  to  fit,  put  in  before  taking  from  the  water  vessel. 
Care  must  be  taken  that  on  ceasing  to  heat,  or  on  cooling,  the  water 
does  not  enter  the  hot  tube. 

The  easiest  and  most  commonly  employed  method  of  obtaining 
oxygen  on  a  small  scale  is  to  heat  a  mixture  of  the  substances 
potassium  chlorate  and  manganese  dioxide.  It  scarcely  matters  in 
what  proportion  the  two  are  mixed.  Each  should  be  in  powder. 
10  grms.  of  the  chlorate  and  5  grms.  of  the  manganese  oxide  is 
sufficient  at  one  time.  The  manganese  dioxide  will  be  found 
practically  unchanged  after  the  operation,  and  maybe  obtained  again 
by  washing  the  residue.  Other  proportions  of  the  ingredients  may 
be  tried.  The  chlorate,  when  heated  alone,  melts  and  gives  off  oxygen, 
but  requires  a  higher  temperature  than  the  mixture,  and  the  gas  is 
liable  to  come  off  very  rapidly  ;  and,  worse  still,  the  leading  tubes 
are  liable  to  choke  with  particles  of  the  chlorate,  which  may  cause  a 
dangerous  explosion. 

Manganese  dioxide,  alone,  when  heated  to  full  redness,  gives  off 
oxygen. 

Lead  dioxide — the  active  substance  of  storage  cells — gives  off 
oxygen  when  quite  gently  heated.  The  tube  arrangement  in  Fig.  15 
can  be  used  for  this.  Two  or  three  grams  of  lead  dioxide  is  a  con- 
venient amount. 

Solid  potassium  permanganate  may  also  be  used  in  the  same 
apparatus,  but  is  very  liable  to  stop  up  the  leading  tube  by  spirting. 

All  the  methods  above  mentioned  of  obtaining  oxygen  are  dry 
reactions.  A  considerable  number  of  methods  are  known  in  which 
solutions  of  substances  in  water  are  employed.  A  very  interesting 
one  depends  on  a  seesaw  action  between  oxide  of  cobalt  and  bleaching 
powder. 

To  a  mixture  of  bleaching  powder  and  water  a  very  small  quan- 
tity of  any  cobalt  compound — the  nitrate  or  chloride — is  added,  and 
a  black  oxide  of  cobalt  is  produced,  which  undergoes  decomposition 
and  is  again  formed,  and  so  on,  with  the  result  that  a  steady  output 
of  oxygen  gas  is  obtained.  The  mixture  froths  up  somewhat,  so 
the  operation  should  be  performed  in  a  moderate  sized  flask.  The 
addition  of  a  little  thick  paraffin  oil  diminishes  the  frothing,  but  is 
required  only  when  the  operation  is  on  a  somewhat  larger  scale. 
A  small  flask  may  be  substituted  for  the  test-tube  in  Fig.*  15  for  the 
cobalt  oxide  experiment. 

Experiments. 

I.  Introduce  into  one  tube  of  the  gas  a  small  piece  of  charcoal  held 
in  a  wire.  The  charcoal  should  be  just  started  glowing  at  a  point. 
It  will  commence  to  burn  very  brightly.     Or  a  splinter  of  wood  on 
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which  is  a  glowing  spark — not  a  flame — may  be  used  instead  of  the 
charcoal. 

II.  Coil  up  a  very  thin  iron  wire,  such  as  flower  wire,  into  a  spiral 
two  or  three  inches  long.  Dip  one  end  in  a  little  wax  or  paraffin. 
Start  this  burning,  and  introduce  into  a  tube  of  oxygen.  The  iron  will 
commence  to  burn  brightly,  and  drops  of  oxide  of  iron  may  form. 

III.  Test  one  tube  of  gas  with  moist  blue  and  red  litmus  paper 
and  also  iodised  starch-paper.  None  of  them  will  be  affected  if  the 
gas  be  pure. 

Quite  a  number  of  compounds  absorb  oxygen  without  the  appear- 
ance of  burning.  This  absorption  happens,  of  course,  with  air  as  well 
as  with  pure  oxygen.  This  may  be  shown  by  having  a  test-tube  with 
well-fitting  cork  and  tube  as  in  Fig.  16.  Fill  the  tube  with  oxygen. 
Introduce  rapidly  two  or  three  cubic  centimetres  of  a  strong  solution 
of  pyrogallol  made  alkaline  with  sodium  or  potassium  hydroxide. 
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Fig.  17. 


Close  quickly  with  the  cork  and  tube ;  dip  the  open  end  of  the 
tube  in  water.  On  shaking  the  test-tube  the  oxygen  will  be  ab- 
sorbed, and  the  water  will  rise  and  overflow  into  the  test-tube. 

Other  liquids,  as  an  aqueous  solution  of  ferrous  oxalate,  and 
especially  a  solution  of  cuprous  chloride  in  ammonia,  may  be  tried 
in  the  same  way. 

A  rough  analysis  of  air  can  be  made  by  means  of  a  bent  tube  and 
one  of  these  oxygen-absorbing  liquids  (see  Fig.  17).  Commencing  with 
the  tube  dry  and  full  of  air,  put  in  sufficient  water  to  just  enclose  the 
air  in  the  limb  c  and  be  the  same  height  in  both  limbs. 

If  the  tube  is  not  graduated,  mark  the  level  of  the  water  by 
attaching  a  strip  of  label.  Then  pour  into  a  a  strong  solution  of 
pyrogallol  and  sodium  hydroxide.  Put  a  few  drops  of  oil  on  the  top 
of  liquid  in  a.  Allow  the  tube  to  stand,  with  now  and  then  a  gentle 
shake,  for  some  time,  until  the  volume  of  air  in  c  no  furthur  dimi- 
nishes. Then  withdraw,  by  means  of  a  tube,  some  of  the  liquid  from 
a  until  the  liquid  is  the  same  level  in  each  limb.  The  gas  will  then 
be  under  atmospheric  pressure.  Mark  the  level  or  read  off  the 
graduation.     The  volume  absorbed  should  be  about  a  fifth  of  the 
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ori|;inal.  The  tube  may  be  left  for  a  day  or  two,  provided  a  layer  of 
oil  is  on  the  surf  nee  in  a,  C)ixlinary  petroleum  or  lamp  oil  will  do 
for  tins  puri»ose. 

OZONE. — This  sul>stance  ifl  a  modiiication  of  oxygen  caused  by  some 
internal  rearrangement  in  the  substance.  It  is  generally  called  an 
allutropic  form  of  oxygen,  and  may  l)e  produced  in  several  ways  from 
oxygen. 

The  simplest  method  of  production  is  by  the  passage  of  quiet 
electric  discharges  through  oxygen  or  air. 

A  simple  ap|)ai*atus  consists  of  a  glass  tube,  about  25  or  80  cen- 
timetres long  and  1  centimetre,  or  less,  in  diameter,  through  which  • 
platinum  wire  is  passed, either  sti-aight  or  spirally,  and  a  little  copper 
wire  wound  around  the  outside.  The  inner  platinum  and  the  outer 
copper  are  i*esi>ectively  connected  to  the  two  terminals  of  %  small 
induction-coil.  On  sending  a  feeble  current  through  the  coil  there 
will  he  a  silent  discharge  between  the  inner  and  the  outer  wire 
through  the  glass  and  the  air  space. 

If  air  or  oxygen  bo  blown  through  the  tube  some  of  the  oxygen 
becomes  converted  into  ozone,  which  can  be  recognised  by :  (1)  Its 
(wlour ;  (2)  if  blown  on  some  iodiwMl  starch -jiaper  a  blue  colour  will  be 
produced ;  (•>)  if  blown  on  to  a  little  veiy  clean  mercury  the  metal 
will  tiirniNl)  and  ce^isc  to  run  so  easily;  (4)  blown  on  a  piece  of  clean 
silver  foil  it  will  produce  a  dark  brown  stain. 

Tliese  actions  arc  all  cases  of  direct  oxidation,  produced,  as  sap- 
posed,  by  the  ozone  reverting  into  ordinary  oxygen  and  at  the  same 
time  imparting  oxy^'en  to  the  substances  mentioned. 

This  viodijication  is  much  more  active  as  an  oxidising  agent 
tlian  ordinary  oxygen,  most  metals  and  many  other  substances  being 
oxidised  simply  on  contact  with  it  at  ordinary  temperatures.  Ossone 
is  doubtless  produced  in  many  other  ways :  by  the  electrolysis  of 
dilute  sulphuric  acid — when  a  small  blowpipe  flame  is  supplied  with 
excess  of  air — and  when  some  substances  are  undergoing  a  slow  or 
partial  oxidation.  For  instance,  phosphorus  in  moist  air  slowly 
oxidises  at  the  ordinary  temperature ;  an  odour  like  ozone  is  imparted 
to  the  surrounding  air  and  iodise<l  starch-pa]>er  and  other  reagents- 
are  aflfected  in  the  same  way  as  by  the  ozone  from  the  electrified  tube. 


CHAPTER  III. 

THE  COMPOSITION  OF  WATER  AND  PREPARATION 
OF  HYDROGEN. 

A  NUMBER  of  metals  become  rusted  on  contact  with  water — some  at 
the  ordinary  temperature,  others  in  contact  with  steam  or  at  higher 
temperatures. 

Several  pieces  of  clean  metals  should  be  placed  in  a  tube  and  sub- 
jected to  a  current  of  steam  for  a  few  minutes,  and  the  surfaces 
of  the  metals  examined.  Scrape  with  a  knife  or  clean  with  sand- 
paper strips  of  aluminium,  zinc,  copper,  iron,  magnesium,  lead,  tin, 
&c. ;  place  in  a  wide  tube  and  drive  steam  over  from  a  flask. 

This  may  be  done  with  the  metals  separately  or 
together.  It  is  better,  however,  ^Jiat  they  do  not  touch, 
so  that  no  electric  couple  is  formed. 

It  will  be  found  that  of  the  metals  mentioned  the 
magnesium  will  tarnish  first  and  to  the  greatest  extent, 
followed  by  zirc,  lead,  iron,  aluminium,  about  in  this 
order,  and  that  copper  and  tin  will  show  no  signs  of 
change. 

The  water  should  be  boiled  for  at  least  ten  minutes 
and  the  steam  allowed  to  escape  before  the  metals  are     Fig.  18. 
introduced  into  the  tube,  to  avoid  the  effects  of  air  and 
carbon  dioxide,  which  are  always  contained  in  solution  in  ordinary 
waters. 

This  tarnishing  in  steam  is  due  mainly  to  the  same  cause  or 
causes  as  tarnishing  on  heating  in  air — that  is,  oxidation. 

Boil  some  water  in  a  flask,  and  when  steam  is  escaping  freely 
introduce  a  little  bundle  of  burning  magnesium  ribbon.  It  will 
continue  to  burn  in  the  steam,  and  even  on  the  surface  of  the  boiling 
water,  and  a  very  pale  flame  will  be  seen  at  the  mouth  of  the 
flask  (see  Fig.  18). 

A  white  powder  will  be  formed  in  the  water,  and  may  be  separated 
therefrom  by  filtering.  This  powder  is  magnesium  oxide,  and,  if 
examined,  will  be  found  to  behave  exactly  like  the  white  powder 
obtained  by  burning  this  metal  in  air  or  oxygen. 

The  following  experiment  will  be  instructive  as  to  the  action  of 
some  common  metals  on  steam  at  a  moderately  high  temperature 
(see  Fig.  19). 
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A  little  of  the  metal,  in  filings  or  small  pieces,  is  placed  in  the 
tul)e  C  (a  coil  uf  galvanised  or  zinc-coated  iron  ivire  will  be  found 
to  work  excellently).  Water  is  boiletl  briskly  in  the  flask  A,  and  the 
steam  allowed  to  expel  all  the  air  from  the  tube  before  placing  the 
tube  I )  over  the  end  of  C  The  tube  and  metal  must  then  be  heated, 
carefully  at  first  and  finally  strongly.  The  steam  will  condense  in  the 
water  and  carry  some  uncondenj^able  gas  with  it.  This  will  collect  in 
the  tube  D.  Zinc  and  iron  will  be  found  to  be  most  active,  and 
copi^er  will  not  Im)  acted  upon  in  the  least,  even  if  red  hot.  The 
tube  C  is  liable  to  crack  if  drops  of  water  condense  in  it.  The  steam 
can  be  stopped  almost  at  once  by  i-aising  the  safety  tube  B, 

Examine  the  giis  collected  over  the,  now  warm,  water,  by  closing 
the  open  end  under  water  with  the  finger  or  a  cork,  as  before  men- 
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tioned,  biinging  upright  quickly,  and  applying  a  lighted  taper.  The 
gas  should  ignite  with  a  slight  pufi*  and  an  almost  invisible  flame. 
This  gas  is  hydrogen.  It  can  bo  obtained  from  water  by  several  other 
methods,  but  most,  if  not  all,  are  indirect  ones.  Powerful  electric 
sparks,  when  passed  through  steam,  decompose  it  into  two  gases, 
hydrogen  and  oxygen,  which  may  be  collected  together.  This  ex- 
periment is  not  a  simple  one.  It  re(|uires  a  large  induction-coil  to 
produce  a  stream  of  sufficiently  powerful  sparks,  and  an  arrange- 
ment something  like  Fig.  20,  which  consists  of  a  steam-prod ueing 
flask,  a  flask  with  side  tubes  to  allow  the  entrance  of  platinum  wires 
through  corks,  an  outlet  for  the  steam  and  gases,  and  a  safety  outlet 
with  tap.  Steam  is  first  driven  through  the  ilask  until  the  bubbles 
are  completely  condensed  by  the  water  in  the  dish.  Then  contact 
is  made  with  coil,  and  sparks  jwiss  across  the  current  of  steam. 
Some  is  decomposed  and  the  products  carried  foiward  into  the  tube. 
This  tube  may  afterwards  be  inverted  and  a  flame  applied  to  the 
collected  gas,  which  will  now  explode  with  a  sharp  report. 

The  gas  can,  by  diff'usion  experiments,  be  proved  to  be  a  mixture 
of  oxygen  and  hydrogen. 

It  is  perhaps  impossible  to  decompose  pure  water  by  an  electric 
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current,  but  when  the  water  contains  an  acid  or  some  of  the  com- 
pounds called  "  salts  "  in  solution  it  may  be  decomposed  and  one  or 
both  gases  obtained.  This  action  is  generally  spoken  of  as  the 
electrolysis  of  water.  *  If  the  current  from  two  or  three  cells — say 
storage  cells — is  led  by  means  of  two  platinum  wires  or  strips  into 
water  containing  a  little  sulphuric  acid  the  wires  or  strips  will  become 
covered  with  small  gas  bubbles  (see  Fig.  21).  If  tubes  full  of  water  be 
inverted  over  the  wires  or  "  terminals  "  the  gases  will  rise  and  collect 
in  them.  After  sufficient  has  collected  the  gases  may  be  examined 
by  applying  a  lighted  taper  to  each  in  succession.  The  contents  of 
one  tube  will  inflame,  and  the  other  will  cause  the  taper  to  bum  more 
vigorously.     The  latter  is  oxygen,  and  on  examination  will  be  found 


Fig.  20. 


Fig.  21. 


to  have  collected  at  the  terminal  from  the  positive  or  red-marked 
end  of  the  storage  cell.  It  will  be  noticed  that  the  volumes  of  the 
gases  are  not  the  same.  The  volume  of  the  hydrogen  will  be  nearly 
twice  as  great  as  that  of  the  oxygen. 

To  get  this  result  it  is  necessary  to  use  platinum  or  some  metal 
that  does  not  easily  oxidise  or  combine  with  oxygen.  If,  for  in- 
stance, the  current  is  led  into  the  acid  water  by  two  plates  of  lead 
there  will  be  very  little  gas  escape  from  one  plate,  but  the  plate 
will  become  brown  coloured  owing  to  the  formation  of  a  lead  oxide. 
The  other  plate  will  have  hydrogen  bubbles  given  off  at  its  surface, 
just  like  one  of  the  platinum  plates.  Gold  and  silver  behave  like 
platinum,  and  most  of  the  common  metals  somewhat  like  lead. 

An  accurate  knowledge  of  the  composition  of  water  is  of  the 
greatest  importance  in  chemistry.  Water,  in  fact,  may  be  considered 
in  several  respects  as  a  standard  substance.  On  its  composition  by 
weight  and  volume,  and  therefore  to  some  extent  its  constitution, 

*  The  nature  of  the  substance  dissolved  in  the  water  has  a  considerable 
deciding  effect,  ammonia,  for  instance,  not  acting  in  the  same  manner  as 
salphuric  acid. 
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tlie  formul.T  or  composition,  fi*oin  n  purely  chemical  point  of  view, 
of  all  other  compouiidR  are  liased  and  expressed.  Electrolysis  yields, 
as  statcil,  almost  extwtly  two  volumes  of  hydrogen  to  one  of  oxygen. 
From  reliahlo  experiments,  oxygen  is  sixteen  times  heavier  than 
the  same  volume  of  hydrogen,  when  they  are  both  under  the  same 
physical  conditions.  When  the  two  gases,  in  the  purest  possible 
condition,  are  mixed  together  and  induced,  by  heat  or  an  electric 
spark,  to  combine,  they  do  so  exactly  in  the  proportion  of  two 
volumes  of  hydrogen  to  one  of  oxygen,  and  if  the  gases  in  the 
mixture  were  not  in  this  precise  proportion  the  excess  of  one  or  the 
other  would  be  left  untouched. 

Supposing  two  volumes  of  hydrogen  and  one  of  oxygen  to  be 
confined  in  a  suitable  vessel  at  a  temperatui*e  at  which  water  is 
steam  or  gaseous — that  is,  some  temi)erature  above  100°  C.  (it  is 
quite  indiilerent  how  much  above  this  point,  within  reasonable 
limits) — and  the  mixture  exploded.  The  product  will  then  be  steam, 
and  its  volume  is  exactly  two-thirds  of  the  original  volume  of  the 
gases — that  is  to  say,  two  volumes  of  hydrogen  combine  with 
one  volume  of  oxygen  to  produce  two  volumes  of  steam  at  the  same 
temperature.     A  contraction  is  therefore  noticed. 

Thus  the  ste^im,  obviously  a  compound,  is  the  same  in  volume  as 
the  oi-iginal  hydrogen. 

There  is  a  gi^eat  change'  of  volume  irom  water  into  steam,  one 
volume  of  water  giving  IGHO  volumes  of  steam  (or  one  cubic  inch 
giving  very  nearly  one  cubic  foot  of  ste.im  at  the  same  temperature). 

Stated  another  way,  1  grm.  of  hydrogen  and  IG  grms.  of  oxy- 
gen each  occupy  the  same  volume— viz.,  1 1,200  c.c. — at  0°  C.  and 
7G()  mm.  bar.  Therefore,  if  we  could  obtain  steam  at  0®  C,  in 
IH  grms.  of  it  IG  would  be  oxygen  and  2  hydrogen,  oi-iginallj 
occupying  :J:5,G()()  c.c,  but  now  of  the  volume  22,400  c.c. 

The  figures  2  and  IG  represent  the  ordinary  combining  pro- 
portions of  hydrogen  and  oxygen  respectively. 

The  chemical  formula  11,0  is  intended  to  indicate  that  the  sub- 
stances hydrogen  and  oxygen  are  contained  in  proportion  by  volume 
of  two  to  one,  and  by  weight  of  two  to  sixteen,  and  that  this  is 
the  smallest  possilde  expression  for  the  entity  steam  when  some- 
thing  of  the  idea  of  atoms  is  taken  into  account.* 

Othe7'  Sources  of  Jlijdrojen. — Besides  water,  (|uite  a  number  of 
substances  contain  hydrogen.  Some  of  these  give  up  the  whole  or 
part  of  the  hydrogen  in  contact  with  certain  metals. 

♦  The  atom,  from  the  chemical  point  of  view,  is  an  exceedingly  small 
piece  of  matter  ;  it  is  the  smallest  piece  tliat  can  enter  into  any  kind  of 
chemical  engagement.     It  is  not  identical  with  the  electrical  notion  of  ions. 

The  chemical  atoms  of  different  materials  arc  supposed  to  be  of  the  same 
size  or  volume,  but  differ  in  weight.     As  to  shape  nothin*?  can  be  said. 

Taking  masses  that  are  measurable  of  hydrogen  and  oxygen,  their  weights 
per  equal  volumes  are  as  1  to  16.  I'rcsumably  the  atoms  making  up  any  mass 
or  volume,  as  100  c.c,  are  also  as  1  to  16.  These  values  may  be  called  their 
relative  atomic  weights. 

The  idea  of  atom  and  atomic  weight  involves  some  unit.  This  matter  is 
not  quite  simple.  Hydrogen  is  certainly  the  lightest  substance  known.  Com- 
pared with  it,  oxygen  is  quite  sixteen  and  nitrogen  fourteen  times  as  heavy, 
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Of  these,  generally  speaking,  "acids"  are  the  most  active. 
Many  acids  are  formed  by  the  union  of  some  oxides  with  water. 
For  instance,  sulphuric,  phosphoric,  and  nitric  acids  result  from  oxides 
having  combined  with  some  water.  Other  acids,  as  hydrochloric,  &c., 
are  simpler  in  their  nature,  consisting  of  hydrogen  and  one  other 
element.  These  often  dissolve  in  water,  giving  solutions  which  possess 
many  properties  similar  to  those  of  the  former  class. 

A  considerable  number  of  metallic  oxides  are  able  to  combine 
with  water  to  form  "  hydrates "  or  "  hydroxides."  Some  of  these 
hydroxides  can  be  attacked  by  certain  metals,  in  which  case  hydrogen 
is  always  expelled. 

Most  metallic  oxides  have  also  the  property  of  being  able  to  combine 
with  acids  to  form  a  class  of  substances  called  salts.  It  is  a  very 
numerous  family  or  class.     Acids,  when  dissolved  in  water,  exhibit  the 

bulk  for  bulk.  Presumably  the  atoms,  or  ultimate  particles,  as  they  also  have 
been  called,  retain  this  weight  relationship. 

The  atomic  weight  can  be  directly  determined  in  but  a  few  cases,  by 
comparison  with  hydrogen. 

It  is  quite  a  fwndamental  matter  in  chemical  actions  and  undoubtedly  always 
true  tlvat  when  substances  join  to  form  a  compound  or  any  chemical  changes  of  any 
kind  take  place  the  quantities  of  matters  involved  in  the  changes  are  in  the  propor- 
tions of  these  atomic  weights  or  som^  simple  multiple  of  them.  In  the  case  of 
water  the  conventional  symbol  expresses  that  two  atoms  of  hydrogen  are 
linked  in  some  way  with  one  atom  of  oxygen.  The  one  atom  or  piece  of 
oxygen  by  volume  may  therefore  be  considered  as  in  some  way  equivalent  to 
two  pieces  of  hydrogen.  By  weight,  sixteen  of  oxygen  are  equivalent  to  two 
of  hydrogen  ;  consequently  one  atom  of  oxygen  is  **  equivalent "  to  two  of 
hydrogen,  and  16  :2  are  their  respective  combining  or  equivalent  weights. 

Comparatively  few  substances  combine  with  hydrogen,  but  oxygen  and 
chlorine  and  one  or  two  other  of  the  elementary  substances  have  a  considerable 
range  of  activity.  They  will  join  not  only  with  hydrogen,  but  with  nearly  all 
the  other  elements  with  more  or  less  ease. 

For  instance,  copper  and  hydrogen  do  not,  properly  speaking,  combine, 
but  copper  and  oxygen  do  so  most  easily. 

The  compound  produced  when  a  certain  quantity  of  copper  has  taken  up 
as  much  oxygen  as  it  can  consists  of  63  parts  by  weight  of  the  metal  and  ]  6 
of  oxygen.  Therefore  in  the  79  parts  of  oxide  of  copper  the  63  of  metal  must 
in  some  way  be  doing  the  sam^  extent  of  work  as  the  2  parts  of  hydrogen  in  18 
parts  of  water.  It  cannot,  of  course,  be  doing  quite  the  same  kind  of  work, 
and  there  are  very  different  amounts  of  energy  produced  or  involved  in  the 
formation  of  the  respective  compounds,  but  it  is  evidently,  as  far  as  quantity 
is  concerned,  equivalent. 

Now  this  *' equivalence"  is  evidently  able  to  change.  If  this  particular 
oxide  of  copper,  containing  63  parts  of  metal  to  16  of  oxygen,  be  heated  to  a 
certain  temperature  (and  by  some  other  means)  it  will  be  changed  in  colour, 
texture,  and  composition.  Exactly  half  the  quantity  of  oxygen  will  be  left 
in  it,  or  double  the  quantity  of  copper.  They  are  now  as  63  to  8  or  126  to  16. 
Either  w^y  the  equivalence  of  the  copper  has  altered,  so  that  63  is  now 
equivalent  to  1  of  hydrogen. 

The    compounds    here    alluded    to    are    expressed   as    CuO    and-  CugO 

63  +  16  126  +  16 

respectively. 

Another  compound  of  hydrogen  and  oxygen  is  known  in  which  the  relative 
equivalence  of  hydrogen  and  oxygen  is  as  1  to  16.  This  is  the  peroxide  of 
hydrogen,  HgOg.  In  a  number  of  cases  where  equivalence  thus  changes  one 
compound  will  be  of  a  much  more  stable  and  resistant  nature  than  the  other. 
The  substances  just  named  are  good  examples  of  this. 
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pi-opeity  of  changing,'  many  ve«retiible  and  other  colours.     Thus  blue 
htm  us  is  turiie<l  re<l  by  a(*ids. 

Suit*,  as  a  rule,  have  Uttle  or  no  action  on  vegetable  colouring- 
mattci-s.  As  all  salt8  are  in  luii-t  made  up  of  acids,  and  as  the  power 
of  changing  colours  has  vanished  in  the  salt,  it  follows  that  the  other 
portions  of  the  salt  must  have  the  power  of  overcoming  or  destroying 
this  proi)erty  of  acids.  (.)nly  a  few  metallic  oxides  are  capable  of 
dissolving  in  water  to  any  considenible  extent,  but  if  a  solution  of 
any  oxide  in  water  («.//.,  oxides  of  sodium  or  calcium)  is  tested  with 
a  vegetjible  colouring -matter  the  solution  will  be  found  to  have  the 
|»ower  of  altering  the  colour  in  the  reverse  direction  to  that  of  the 
acid. 

A  substance  whose  solution  has  the  power  of  changing  colouring- 
mattei"s  in  the  reverse  way  to  that  of  an  acid  is  called  an  "  alkali,"  and 
we  can  now  see  why  most  salts,  being  made  up  of  sub- 
stiinces  of  opposite  properties,  have  no  action  on  vegetable 
colours,  or,  in  chemical  language,  are  neutral.  The 
alkaline  character  of  many  metallic  oxides  cannot  be 
shown,  as  no  acpieous  solution  can  be  obtained,  bat  the 
P  propel  ty  is  latent,  as  they  show  the  same   property  of 

.M        neutralising  acids  as  the  alkalis  or  soluble  oxides.     Hence 
<^        an  alkali  is  nothing  more  than   a   metallic  oxide  that 
hap|>en8  to  be  soluble  in  water,  and  therefore  able  to  show 
its  action  on  colours  directly. 


HYDROGEN  FROM  METALS  AND  ACIDS.— The  state- 
ment that  metals  expel  hydrogen  from  acids  is  probably 
correct  in  all  cases,  l)ut  to  obtain  hydrogen  practically  it 
Fig.  22.  is  not  advisable  to  tiike  any  acid  or  metal  on  chance, 
because  some  secondary  actions  may  take  place. 

Sulphuric  Acid  and  Zinc  or  Iron. 

In  a  ilask  of  about  5(M»  c.c.  caiKicity  place  2(M»  c.c.  water.  Pour 
into  this  not  more  than  20  c.c.  of  strong  sulphuric  acid.  The  mix- 
ture of  acid  and  water  will  become  moderately  heated,  owing  to  the 
sulphuric  acid  combining  with  some  water.  Now  drop  into  the  acid 
some  clean  zinc,  in  clippings  or  granulated,  or  pour  the  acid  solution 
on  to  some  zinc  mixed  with  water.  Water  must  never  be  added  to 
sulphuric  acid,  as  the  temperature  may  rise  so  much  that  some  acid 
may  be  projected. 

The  surface  of  the  metal  will  almost  immediately  become  covered 
with  small  gas  bubbles.  These  will  rise  to  the  surface  of  the  liquid^ 
and  after  a  short  time  the  contents  of  the  flask  may  become  heated 
and  bubble  violently.  The  action  can  be  moderated  by  external 
cooling,  dipping  into  water  or  holding  under  a  jet  of  water. 

A  cork  fitted  with  a  moderately  small-bored  glass  tube  of  12-15 
inches  length  must  be  provided  beforehand.  After  the  action  has 
gone  on  for  a  few  minutes,  the  cork  and  tube  is  inserted,  and  the  gas 
permitted  to  displace  all  air  before  any  gas  is  collected.  A  flexible 
tube  may  be  attached  to  the  glass  tube  and  the  gas  collected  over 
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water,  or  simply  by  holding  inverted  tubes  over  the  outlet,  letting  the 
light  gas  displace  the  air. 

Instead  of  zinc,  iron  in  wire  or  filings  may  be  used ;  or  nickel  or 
aluminium,  both  of  which  may  be  obtained  in  wire  or  thin  sheet, 
should  be  tried.  The  gas  evolution  will  be  observed  to  be  much  less 
active  in  these  cases  than  with  zinc. 

The  "  strength  "  of  the  sulphuric  acid  solution  has  a  decided 
effect  on  the  rate  of  evolution  of  gas,  whatever  the  metal  may  be. 
This  may  be  seen  by  making  some  dilute  acid — say  1  c.c.  of  the 
acid  and  200  c.c.  of  water — and  trying  the  effect  of  this  on  zinc.  An 
action  will  be  observed,  but  little  gas  will  collect  compared  with  the 
previous  case. 

Now  place  20  or  30  c.c.  of  the  concentrated  acid  in  a  small  flask, 
and  add  the  zinc  to  this.  Gas  bubbles  may  appear  on  the  surface  of 
the  metal,  but  no  evolution  of  gas  will  be  observed.  On  carefully 
heating  to  a  moderate  temperature  the  zinc  will  begin  to  dissolve,  a 
whitish  cloud  will  appear  in  the  liquid  and  gases  will  begin  to  come 
off.    These  gases  are  not  hydrogen,  but  some  sulphur  compounds. 

On  some  of  the  other  metals,  as  iron  or  aluminium,  the  pure  con- 
centrated acid  has  little  or  no  effect.  Iron  and  aluminium  vessels 
are,  indeed,  sometimes  used  for  holding  the  strong  acid. 

The  action  between  the  zinc  and  acid,  as  first  mentioned,  may 
cease  owing  to  all  the  metal  being  dissolved  or  all  the  sulphuric  acid 
removed  by  the  metal.  If  the  metal  disappears,  make  sure  that  all 
the  acid  is  used  up  by  adding  more  metal.  Pour  the  solution  into 
an  evaporating  basin  and  boil  down  to  about  half  the  original  bulk 
and  put  aside  to  cool.  Crystals  of  zinc  sulphate  should  form. 
Crystals  are  sometimes  slow  to  form  even  from  concentrated  solutions. 
In  such  cases  a  few  drops  evaporated  on  a  slip  of  glass  and  well 
stirred  with  a  glass  rod  or  match  will  generally  give  a  crystalline 
residue,  and  this,  agitated  with  the  concentrated  solution,  starts,  as  a 
rule,  the  crystallisation.  In  a  case  of  this  kind  the  temperature 
of  the  solution  before  and  at  the  time  of  formation  of  the 
crystals  should  be  noted.  Supersolution  or  superfusion  takes  place 
with  many  substances,  probably  with  all  under  suitable  circumstances. 
When  this  happens  there  is  always  a  rise  in  temperature  when  the 
matter  assumes  the  solid  state,  whether  it  be  from  a  solution  or  from 
a  melted  material. 

From  the  final  results  of  the  action  of  zinc  and  sulphuric  acid 
on  each  other  it  is  found  that  for  every  98  parts  by  weight  of  the 
acid  used  65  parts  of  zinc  are  dissolved  and  are  contained  in  the  zinc 
sulphate  produced,  and  2  parts  by  weight  of  hydrogen  are  given  off. 
The  hydrogen  has,  relatively  to  the  zinc  and  acid,  an  enormous  bulk. 
Supposing  the  "parts"  were  grams,  the  hydrogen  would  have  a 
volume  of  more  than  22  litres.  The  98  parts  by  weight  of  the 
sulphuric  acid  are  made  up  of  32  parts  sulphur,  4  x  16  =  64  parts 
oxygen,  and  2  parts  hydrogen. 

The  zinc  sulphate,  as  obtained  in  crystals  from  the  solution, 
contains  water  of  crystallisation. 

If  these  crystals  be  heated,  or  the  solution  of  the  zinq  in  th^ 
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acid  and  water  Ih3  boiknl  down  and  then  Hirtmgly  heated,  a  white 
)»owder  will  1x3  obtained  which  is  the  real  dry  zinc  Mulphate.  Based 
on  the  alxivo,  the  action  Ix^tween  zinc  and  this  acid  can  be  shown  as 
a  chemical  •*  e<iiiation  "  hy  usin;?  HymbolH  and  formulic. 

/n  +  JI..S(),  =  H..  +  ZnSO, 

nr>  '\*x  '2'         i«i 

J)  =  1«3 

Many  other  iicids  liehavo  similarly,  but  piiicticnlly  the  only  one 
used,  l>esid('s  sulphuric,  for  this  puriK)<e  is  hydrochloric  acid. 

This  acid  ditl'ers  considerably  from  sulphuric.  It  is  a  solution 
in  water  of  a  gaseous  compound  of  chlorine  and  hydi*ogen,  and 
contains  no  oxygen.  Ice-cold  water  will  dissolve  several  hundred 
times  its  volume  of  the  gas.  On  this  solution  being  heated  much  of 
the  gas  is  expel leil^  but   simple  boiling  will  not  expel  the  whole 
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Via.  23. 

Tho  llask  contain.s  200  .'JOO  j^nii.s.  of  coinmoD  salt — sodiam  chlo- 
ride (or  about  tlie  same  (juantily  of  sal-aiimioniac).  The  dropping 
funnel  contains  strong  sulphuric  acid.  When  these  compounds  come 
in  contact  an  interchan^^e  of  elements  takes  ])Iuce,  sodium  from 
the  salt  becoming  united  to  th<i  sulphuiic  acid  and  hydrogen  from 
the  sulphuric  acid  joining  with  the  chlorine  of  the  salt  to  a  cer- 
tain stage,a8  expressed  by  tho  equation  NaCl  +  H.,S04  =  NaHSO.  -f  HCI, 

Silt 

the  process  requires  no  external  help  by  heating.     The  glass  into 
which  the  safety  tube  dips  contains  a  little  sulphuric  acid. 

of  the  gas.  The  ordinary  Jicid  is  a  slightly  coloured  liquid  which 
fumes  a  little  on  exposure  to  air. 

Zinc  and  several  other  metals  dissolve  more  rapidly  in  this  acid 
than  in  sulphuric.  The  reaction  between  hydrochloric  acid  and  the 
metals  aluminium  and  magnesium  is  a  very  energetic  one,  and  quickly 
becomes  almost  unmanageable  when  the  strong  acid  is  used. 

Tin  may  bo  used,  the  action  not  being  violent  unless  the  acid  is 
strong  and  heated. 

Hydrochloric  acid  may  sometimes  be  employed  in  tho  gaseous 
state  with  advantage.     In  this  condition  the  rate  of    action   can 
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be  regulated  and  the  nature  of   the  metallic  element  is  of   less 
consequence. 

Tlie  apparatus  required  for  the  preparation  of  hydrogen  from  a 
metal  and  the  gaseous  hydrochloric  acid  is  shown  in  Fig.  23.  The 
metal  is  placed  in  the  wide  tube,  which  should  be  of  good  glass,  and 
heated,  in  the  case  of  zinc  or  tin,  until  the  metal  melts.  Iron  or 
aluminium,  if  in  filings  or  turnings,  need  but  gentle  heating.  The 
speed  of  output  of  gaseous  hydrochloric  acid  can  be  regulated  by  the 
rate  of  dropping  of  the  sulphuric  acid  on  the  salt,  and  also  by  the 
tap,  any  excess  escaping  through  the  safety  tube.  The  metal  may 
also  be  contained  in  a  small  porcelain  boat. 

The  final  results  of  this  action,  in  the  case  of  zinc,  can  be  ex- 
pressed by : 

Zn  +  2HC1  =  H,  +  ZnOl,. 
65   +  2x36-5  =    2     +      136 

The  product  formulated  as  ZnC\ — zinc  chloride — will  be  seen,  in 
the  experiment  with  the  gas,  to  form  as  a  clear  liquid  around  the 
melted  zinc  and  to  vapourise  slightly  along  the  tube.  If  other 
metals  than  zinc  be  used  a  chloride  is  also  formed,  but  will  be  very 
different  in  appearance  from  the  zinc  compound.  When  zinc  is  dis- 
solved in  the  ordinary  liquid  hydrochloric  acid  and  the  solution  heated 
until  the  water  is  expelled  the  same  compound  is  left.  This  also 
applies  to  other  metals  dissolved  in  the  aqueous  acid. 

Acids  are  not  the  only  substances  from  which  hydrogen  may 
be  obtained  by  the  action  of  metals.  The  hydroxides  of  metals 
contain  hydrogen  which  can  be  displaced  by  metals.  The  two  most 
soluble  hydroxides  are  those  of  sodium  and  potassium,  and  several  of 
the  more  common  and  abundant  metals,  as  zinc  and  aluminium  (and 
also  magnesium  and  calcium),  react  in  an  energetic  manner  with  them, 
driving  off  hydrogen. 

Dissolve  about  5  grms.  of  sodium  hydroxide  in  100  c.c.  water, 
contained  in  a  flask.  Add  about  the  same  weight  of  aluminium,  in 
foil  or  small  pieces.  (The  temperature  rises  considerably,  as  a  rule, 
and  the  flask  may  need  external  cooling.)  Hydrogen  is  very  rapidly 
given  off.  The  gas  prepared  in  this  manner  is  not  quite  pure,  but 
better  than  that  obtained  by  the  interaction  of  iron  and  an  acid. 
For  the  common  reactions  the  small  quantity  of  impurities  will  not 
seriously  interfere. 

The  metals  sodium,  potassium,  and  magnesium  decompose  water 
more  easily  than  any  other  substances.  The  final  products  are  hydro- 
gen and  hydroxides  of  the  metals.  The  dry  hydroxide  of  sodium, 
&c.,  gives  off  hydrogen  on  contact  with  metallic  sodium,  &c.,  but  the 
action  is  not  rapid  until  the  hydroxide  or  the  metal  melts,  and  is 
not  a  practical  or  safe  method  of  preparing  hydrogen. 

Considerable  danger  always  attends  the  employment  of  potassium 
or  aoditmi  in  the  metallic  state. 

Experiments. 

Owing  to  the  difference  between  hydrogen  and  other  gases 
in  relative  weight  it  can  be  collected  by  what  is  termed   upward 


32 


A  COURSE  OF  PRACTICAL  CHEMISTRY. 


displacement.  That  is,  if  a  tube  or  bottle  be  held  mouth  downwards, 
and  hydi*ogeu  be  simply  led  in  by  a  tube  rising  a  little  way  inside^ 
the  air  will  be  thrust  down  by  the  lighter  gsis.  A  litre  of  air  weighs 
about  l'2\)  grm.,  whilst  a  litre  of  hydrogen  under  the  same  conditions 
weighs  but  'OH[)i\  grm.  That  is,  for  the  same  volume  the  air  is  more 
than  fourteen  times  heavier.     Exactly,  they  are  as  I  to  14*4. 

After  filling  a  tul)e  with  hydrogen,  empty  this  under  another 
inverted  one  containing  air.  The  air  will  be  displaced.  This  can  be 
tested  by  applying  a  burning  taper  to  the  mouth  of  the  inverted  tube. 

Collect  sevei-al  tubes  in  this  manner,  or  in  the  usual  way  with 
some  other  gases,  by  water  displacement.  (N.B. — Some  impurities 
ai*e  removed  by  water.) 

I.  Introduce  into  an  inverted  tube  of  the  gas  strips  of  red  and 
blue  litmus  papers.     They  should  be  unchanged. 
•     II.  A  lighted  match  or  taper  will  be  extinguished  if  pushed  into 


Fig.  24. 

the  gas,  although  the  gas  will  burn  in  the  air  at  the  mouth  of  the 
tube. 

Fire  the  gas  at  the  mouth  of  a  tube  and  hold  a  clean  knife  blade 
in  the  flame.     It  will  be  covered  with  dew  or  moisture. 

III.  A  glass  rod  dipped  in  lime  or  baryta  water  and  held  in  the 
gas  will  not  become  white  or  opaque. 

IV.  A  coil  of  moderately  small  copper  wire  should  be  heated 
over  a  flame  and  introduced  hot  into  the  hydrogen  in  a  tube.  The 
copper  will  appear  bright  red  where  in  contact  with  hydrogen, 
although  black  in  the  parts  exposed  to  air. 

This  effect  is  due  to  the  removal  of  the  layer  of  oxide  from  the 
copper.  Many  metallic  oxides  when  heated  to  some  particular 
temperature  in  hydrogen  give  up  pai-t,  or  the  whole,  of  the  oxygen 
to  that  gas. 

Place  a  few  grams  of  red  oxide  of  mercury  in  a  tube  of  about 
20  cm.  length  (see  Fig.  24).  Lead  a  gentle  stream  of  hydrogen  gas 
through  the  tube  from  any  form  of  generator,  and  then  apply  ft 
Bunsen  flame  to  the  part  of  the  tube  only  where  the  oxide  is.  The 
oxide  will  appear  to  be  burning,  and  mercury  will  condense  in  SBoall 
drops  and  form  a  ring  like  a  mirror  a  little  way  along  the  tubft 
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Further  away  water  drops  will  be  deposited,  and  a  little  condensing 
steam  may  be  visible  at  the  end  of  the  tube. 

A  quantitative  experiment  should  be  performed  in  the  same  appa- 
ratus, employing  another  metallic  oxide.  The  oxide  of  copper,  formed 
by  heating  the  metal  in  air  until  it  ceases  to  gain  in  weight,  is  most 
suitable.  The  hydrogen  should  be  dried  by  bubbling  through  a 
concentrated  sulphuric  acid  tube  (Fig.  25).  The  copper  oxide  can  be 
contained  in  a  small  porcelain  boat,  or  a  boat  may  easily  be  made 
from  clean  copper  foil  by  bending  a  small  piece  round  a  pencil  and 
turning  in  the  ends. 

The  boat  is  to  be  first  weighed,  and  then  charged  with  the  oxide 
and  again  weighed.  The  quantity  of  oxide  should  be  from  1  to  2 
grms.  Pure  copper  oxide  consists  of  63  parts  copper  and  16  oxygen, 
so  that  about  20  per  cent,  of  its  weight  is  due  to  oxygen.  The  tube 
shown  in  Fig.  25  is  attached  to  the  end  of  the  tube 
containing  the  boat  and  oxide.  This  water-collecting 
tube  contains  a  few  c.c.  of  strong  sulphuric  acid.  It 
is  weighed  before  attaching.  Firstly  the  whole  tube 
is  thoroughly  filled  with  the  dry  hydrogen  gas,  and 
whilst  a  steady  current  is  running  the  part  where 
the  boat  lies  is  heated  to  redness  if  possible.  The 
black  copper  oxide  will  change  colour  to  red,  and 
water  may  condense  in  the  tube  where  cool.  It  can 
be  seen  when  the  reaction  is  complete  by  the  change . 
in  colour.  The  heating  must  be  maintained  for  some 
time  after  this,  and  the  moisture  driven  into  the 
sulphuric  acid-catcher  by  warming  the  whole  length 
of  the  tube.  With  the  quantity  named  and  a  steady 
stream  of  hydrogen  the  operation  should  be  com- 
pleted within  about  forty  minutes.  The  heating  is 
discontinued,  but  the  hydrogen  current  kept  on  for 
a  little  time  until  the  tube  is  almost  cold.  The  water 
absorber  is  then  to  be  detached  and  weighed,  and  the  boat,  with  its 
metallic  copper,  also  weighed. 

From  this  experiment  the  loss  of  weight  of  the  copper  oxide  (n) 
gives  the  amount  of  oxygen  used  in  producing  the  water  formed  and 
weighed  together  with  the  water  absorber  (m);  m-n  gives  the 
weight  of  hydrogen  used  in  forming  m  grms.  of  water  or  combining 
with  n  grms.  of  hydrogen ;  m  -  n/n  will  be  found  to  approximate  to  ^, 
which  means  that  one  part  of  hydrogen  combines  with  eight  parte 
of  oxygen  to  form  nine  parts  of  water.  The  equation  CuO  +  ''H 
=  Ou  -h  H,0  -h  ""^H  can  be  based  on  this  result. 

The  experiment  can  be  simplified  by  allowing  the  steam  to  escape, 
Weighing  the  copper  oxide  and  resulting  metallix;  copper  only.  In 
this  case  the  copper  oxide  should  be  made  by  the  student  from 
*netallic  copper  by  heating  in  air  until  there  is  no  further  increase  in 
"Weight. 

Other  metallic  oxides  "reducible"  under  these  circumstances  are 
t;he  several  oxides  of  lead  (litharge,  red  lead,  peroxide),  zinc  oxide, 
terric  oxide.     The  lead  will  appear  as  melte^  ''  '    ''^s.  the  zinc  as  a 
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grey  slightly  metallic  looking  coating  on  the  tube,  and  iron  as  a 
black  |)ow(ler  which  is  attracted  by  a  magnet  and  rapidly  becomes 
1*602 id ised  on  exitosiiro  to  air. 

NASCENT  HYDROGEN. — It  iK  not  always  necefisary  to  conduct  the 
process  of  "  i-eiUiction  '*  by  hydi-ogen  at  a  high  temi^erature.  In  t 
number  of  cases  it  is  only  necessary  to  liberate  the  gas  in  coniad 
with  the  substance  containing  oxygen,  &c.  It  is  always  quicker  and 
more  perfect  when  the  substaiK*o  to  be  reduced  is  soluble  in  the  liquid 
employed. 

The  action  is  best  seen  when  a  liquid,  as  dilute  sulphuric  acid,  is 
electi-olysed,  platinum  plates  being  employed. 

Examples. 

Colour  some  diluU*  sulphuric  acid  by  dissolving  therein  a  Uttk 
potassium  permanganate.  Arninge  a  small  beaker  with  the  solution 
and  two  strips  of  platinum  foil  as  poles  or  electrodes.  On  connectiiig 
with  a  stoi-age  cell  (or  biittery)  it  will  be  seen  that  the  liquid  around 
the  iK)le  at  which  hydrogen  is  liberated  becomes  decolourised,  and 
scarcely  any  hydrogen  bubbles  will  be  perceptible  until  the  colour 
has  quite  vanishe<l. 

Dilute  acid  coloured  by  a  little  permanganate  may  be  decolourised 
by  stirring  with  a  piece  of  zinc  or  iron. 

Also,  if  to  a  mixture  of  zinc  and  dilute  acid  in  which  hydi*ogen  is 
visibly  forming,  a  solution  of  a  permanganate  or  bichromate  or  nitrate 
is  carefully  added,  the  gas  formation  will  to  some  extent  cease, 
and  only  recommence  when  a  certain  amount  of  oxygen  has  been 
taken  away  from  the  substances  name<l.  In  cases  of  this  kind  the 
temperature  always  rises. 

GALVANIC  COUPLES. — Water  can  be  decomposed  so  as  to  pro- 
duce hydrogen  by  means  of  galvanic  coui)les ;  but  the  output  of 
the  gas  is  not  rapid  or  in  (juantity,  as  is  the  case  with  some  methods 
already  descril>ed. 

Copper-Zinc  Couple. 

If  metallic  zinc  be  dipped  into  a  solution  of  a  copper  compound, 
as  the  sulphate,  blue  vitriol,  fine  particles  of  metallic  copper  are 
deposited  on  the  zinc  surface,  which  appears  black.  It  is  not  a 
very  coherent  coating,  and  may  be  rubbed  ofi*  without  difficulty. 
Each  little  pai-ticle  of  copi)er  and  the  zinc  beneath  form  a  gal- 
vanic couple.  To  make  this,  the  zinc  in  filings,  turnings,  or  clippings 
of  thin  sheet  metal,  or  even  granulated  metal,  is  first  cleaned  by  boil- 
ing for  a  few  minutes  in  weak  sodium  hydroxide  solution,  thoroughly 
washed  with  hot  water,  and  then  shaken  up  with  a  very  weak 
(5  per  cent.)  copper  sulphate  solution  until  a  fairly  oven  blade  coat- 
ing has  formed.  It  is  then  quickly  washed  sevei-al  times  with  odd 
water. 

The  result  of  the  action  of  the  many  ishort-circuited  couples  M 
that  zinc   oxide,  or   hydroxide,  and   hydrogen   are  produoed|  fhr 
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copper  not  being  affected.  Some  other  combinations,  as  platinum- 
zinc,  platinum-iron,  copper-magnesium,  &c.,  are  more  active,  but  for 
most  purposes  the  copper-zinc  is  eflfective. 

A  few  grams  of  this  copper-zinc  couple  boiled  with  water  will  give 
a  small  quantity  of  hydrogen.  The  water  will  become  cloudy,  or  a 
white  coating  will  form  on  the  couple  when  the  action  has  gone 
on  a  little  time.  This  is  zinc  oxide  or  hydroxide.  Magnesium  very 
slightly  coated  with  copper  or  platinum  decomposes  water  much 
more  rapidly  than  the  zinc  combination.* 

*  The  purity  of  the  hydrogen  obtained  by  any  process  depends  upon  both 
metals  and  acid.  Iron  and  some  other  metals  which  contain  carbon,  and 
sulphur,  &c. ,  give  off  a  very  *'  odorous  "  gas,  however  pure  the  acids  may  be. 
The  odour  is  due  to  carbon,  or  sulphur  or  phosphorus  compounds  of  hydrogen, 
which  are  formed  in  very  small  amount  as  the  metals  are  dissolving.  When 
perfectly  pure  hydrogen  is  required  these  impurities  must  be  washed  out  by 
suitable  means  or  the  method  of  electrolysis  employed.  When  hydrogen  is 
required  in  large  amount,  as  for  balIoon5<,  absolute  purity  is  not  necessary,  and 
ordinary  iron  turnings  and  dilute  sulphuric  acid  are  the  most  convenient 
materials  for  its  production.  Aluminium  and  sodium  hydroxide  are  also  con- 
venient for  this  purpose,  owing  to  the  lightness  of  the  metal,  &c.,  for  carriage. 


CHAPTER  IV. 

CARBON  AND  CARHON  COMPOUNDS. 

The  substance  known  an  carbon  is  almost  as  widely  distributed  as 
the  three  elements  previously  dealt  with.  It  is  found  in  the  so-called 
elementary  state  as  minerals— graphite  and  diamond — and  in  many 
mineral  and  countless  organic  com|>oundH  in  chemical  union  with 
other  substances,  paiiiicularly  oxygen,  hydrogen,  and  nitrogen. 
As  to  quantity,  the  imagination  can  |)erhap8  be  helped  by  the 
statement  that  about  1 2  per  cent,  by  weight  of  all  chalk,  limestooe, 
tSbc.,  is  carbon,  and  that  it  exists  in  all  plant  and  animal  products  in 
still  greater  amount. 

CHARCOAL  is  obtained  by  subjecting  almost  any  kind  of  organic 
substance  to  a  high  temperature  in  such  manner  that  little  or  do 
air  can  gain  access  to  the  material  whilst  it  is  being  heated.  Some 
substances,  when  heated,  fii*st  melt,  and  at  some  higher  temperature 
decompose.  Carbon  compounds  are  very  numerous,  and  decom- 
pose at  various  temperatures  and  in  various  ways.  Nearly  all  do 
decompose  at  high  temperatures,  and  when  this  happens  some  of  tb0 
carbon  is  released  from  its  union  with,  it  may  be,  hydrc^n,  or 
hydrogen  and  oxygen,  cVc,  and  is  left  or  deposited  in  the  vessel  in 
which  the  heating  takes  place  in  the  form  of  a  charcoal.  The 
external  form  and  appearance  of  this  charcoal  as  well  as  its  oomposi* 
tion  depend  on  the  nature  of  the  carbon  compounds  employed  sod 
the  temperatui^  and  duration  of  heating.  In  very  few  cases  is 
charcoal  anything  approaching  pure  carbon,  but  very  pure  carboi 
may  be  obtained  from  chaicoals  by  appropnate  treatment.  It  ii 
always  non-crystalline  and  black  in  colour,  but  in  hardness  may  vaiy 
exceedingly.  Carbon  does  not  melt  or  vapouidse  at  any  ordinaif 
temperature. 

Obtain  some  cellulosic  material,  either  cotton-wool,  flax,  lineoi 
wood-shavings,  straw,  <S:c.  Heat  these  in  a  small  retort  or  diift'illi"t 
flask,  which  should  be  arranged  so  that  the  gases  and  other  produotf 
can  be  to  some  extent  caught  and  examined  (see  Fig.  26). 

The  bulb  of  the  retort  may  be  three  parts  full  of  the  mateiiil 
and  the  heating  carried  on  to  the  highest  temperature  the  glass  cO 
withstand  and  until  very  little  more  gas  is  given  off. 
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Some  tubes  full  of  gases  may  be  collected,  and  each  one  examined 
as  to  its  manner  of  burning,  whether  with  a  very  luminous  flame  or 
one  only  slightly  so.  The  water  in  the  funnel  or  trough  should  also 
be  examined  by  red  and  blue  litmus  papers,  as  substances  distil  over 
and  collect  on  and  in  the  water.  Oily  products  of  thick  consistence 
find  unpleasant  odour  will  collect  in  the  neck  of  the  funnel  and 
separate  to  some  extent  from  the  water.  The  water  will  contain 
several  things  in  solution,  from  which  they  may  be  extracted 
without  much  difficulty. 

The  retort  must  first  be  allowed  to  cool  and  then  only  removed, 
and  broken  to  obtain  its  contents,  which  are  "charcoal."  The 
charcoal  will  have  the  same  shape  as  the  original  matter,  but  will  be 


Fig.  26. 

much  reduced  in  size.  It  and  the  original  matter  should  be  examined 
under  the  microscope. 

Unless  the  temperature  was  very  high  and  long  continued,  the 
charcoal  made  in  a  glass  retort  will  be  found  to  smoulder  or  glow  in 
the  air  when  just  set  fire  to,  until  all  the  black  material  has  gone  and 
a  little  greyish  powder  is  left.  The  amount  of  this  residue  or  ash 
differs  materially  in  the  substances  mentioned,  cotton- wool  leaving 
least  and  wood  or  straw  most.  The  charcoals  can  easily  be  crushed 
to  a  very  fine  powder.  This  powder  is  of  about  the  same  relative 
weight  as  water,  so  that  when  shaken  up  with  water  it  sinks  but 
slowly.  It  is  quite  insoluble  in  water  or  other  liquid  unless  there 
be  some  chemical  action.  Hot  concentrated  nitric  acid  will  often 
set  this  kind  of  charcoal  on  fire,  and  hot  sulphuric  acid  will  also  be 
acted  upon  by  it,  but  more  slowly. 

Some  of  the  freshly  made  and  powdered  charcoal  should  now  be 
shaken  up  with  a  little  water  to  which  litmus  solution  has  been 
added  until  decidedly  blue  coloured.  On  filtering  off  the  suspended 
charcoal  it  will  be  noticed  that  the  colour  has  departed  from  the 
water.  Freshly  made  and  finely  powdered  charcoal  attracts  many 
colouring-matliers  from  liquids.  It  also,  when  dry,  absorbs  gases  in 
considerable  amount. 
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Wood  charcoal  can  be  made  from  anj  kind  of  wood  or  woody 
fibre.  It  differs  a  little  in  physical  properties,  according  to  the 
source.  On  a  larpe  scale  it  is  made  by  heating  wood  in  iron 
cylinders,  or  sometimes  carefully  arranged  heaps  of  wood  are  covered 
with  turf  and  earth  and  fired.  A  portion  of  the  wood  burns  away, 
and  the  heat  pro<luced  just  chars  the  remainder. 

Sugar  an<1  a  numl)er  of  other  compounds,  when  gently  heated, 
melt,  and  do  not  (lecom]>ose  wiitil  hotter  than  their  melting-point. 

Mace  a  few  grams  only  of  ordinary  white  sugar  in  a  retort  as 
l>efore,  and  heat  slowly.  After  melting  it  will  change  colour,  boil  op 
and  expand,  giving  oiY  gasc^,  which  should  be  caught  and  ezamioeii 
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as  before.  It  leaves  a  hard  shining  charcoal,  which  adheres  to  the 
glaas.  More  tar  will  collect  in  the  water  than  from  the  cotton  ff 
wood-shavings.     Test  the  water  with  litmus. 

OILS. — Five  to  ton  cu])ic  centimetres  of  olive  or  linseed,  coha  or 
other  vegetable  oil  should  be  heated  in  a  retort  to  which  a  condenser 
may  be  attached,  as  shown  in  Fig.  27. 

The  oils  will  commence  to  give  off  white  fumes,  which  condeofle 
to  some  extent  in  the  receiver,  but  much  gas  can  be  collected  in  the 
tuba,  and  will  be  found  to  burn  with  a  luminous  flame.  Unpleasant 
odours  lire  produced  by  the  esciiping  unburnt  gases.  A  thin  layer 
of  closely  adhering  charcoal  is  usually  left  in  the  retort.  It  is  sbmH 
in  amount.  The  oily  substances  collected  in  the  receiver  emit» 
sharp  odour,  and  are  otherwise  different  from  the  original  oD.  A 
"partial "  decomposition  has  taken  place.  These  oily  substances  aie 
differently  constituted  to  the  cellulosic  and  woody  materials  or  the 
sugars.  The  relative  amounts  of  carbon,  hydrogen,  and  oxygen  abo 
differ. 

Petroleum,  or  Paraffin. — Petroleum,  or  paraffin  oil,  is  a  mixtme 
of  a  number  of  compounds  of  carbon  and  hydrogen  only. 

Substances  consisting  of  these  elements  alone  are  called  hydro-^ 
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carbons.  They  are  more  difficult  to  decompose  by  simply  heating 
than  many  other  carbon  compounds  which  contain  oxygen  or  other 
elements  in  addition  to  hydrogen. 

Petroleum  may  be  considered  to  be  a  mineral,  or  of  mineral  origin. 

FRACTIONAL  DISTILLATION.— Many  compounds  of  carbon  may 
not  only  be  melted,  but  boiled  and  completely  converted  into 
vapour  without  decomposition. 

The  "  temperatures  "  at  which  a  substance  melts  or  boils  are  very 
characteristic  and  practically  unalterable  properties  of  the  particular 
substance  (see  "  Sulphur  "). 

When  a  mixture  of  several  substances,  of  differing  boiling-points, 
is  heated  boiling  will  always  commence  before  the  temperature  of  the 
highest  boiling  constituent  is  reached,  and  often  much  below  the 
calculated  mean  boiling  temperature  of  the  constituents. 


Fig.  28. 

If  two  substances  of  widely  differing  boiling-points  be  mixedjt  is 
a  comparatively  easy  matter  to  roughly  separate  them  by  distillation 
from  an  ordinary  retort.  The  one  of  lower  boiling-point  will,  on 
the  mixture  being  heated,  vapourise  more  rapidly,  or  to  a  greater 
extent,  than  the  other.  The  portion  vapourised  or  boiled  off  is 
never  quite  pure,  as  some  of  the  higher  boiling-point  material  also 
vapourises.  The  residue  in  the  retort  after  a  certain  temperature 
has  been  reached  may  be  a  nearly  pure  substance. 

For  a  simple  distillation,  to  separate  volatile  from  non-volatile 
substances,  an  ordinary  retort  or  distillation  flask,  such  as  shown  in 
Fig.  28,  is  quite  sufficient. 


Salt  water  or  a  "  hard  "  well  water  should  be  distilled  in  an 
arrangement  like  Fig.  28,  above.  The  boiling-point  of  a  liquid  may  be 
ascertained  in  this  apparatus.  Whatever  the  liquid  be,  if  pure,  the 
temperature,  as  shown  by  a  thermometer  suspended  in  the  vapour  a 
little  above  the  liquid,  will  not  vary  during  the  whole  time  of  boiling 
or  distilling  over,  provided  that  the  vapour  has  free  escape  and  the 
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l>aromotric  ]»r(\<;8uro  is  Kteadv  and  some  small  pieces  of  rough  wire 
or  broken  ])orcelain  be  in  tlie  retort. 

When  the  ((uantity  at  (li«(iK>Aal  is  very  small  the  1  oiling-point 
may  l)e  aM*ertuinetl  by  finding;  the  temperature  at  which  the  vapour 
is  exerting  the  sjime  prt»ssui-e  as  the  atmosphere  at  the  time.  This 
in  done  as  in  Fig.  21),  whei-e  the  small  bent  tube  contains  a  little 
mercury  and  a  drop  or  two  only  of  the  li4|uid.  As  the  temperature 
rises  the  vapour  of  the  sultstance  pushes  the  mercury  down  fromtbe 
closiid  end,  and  when  the  columns  arc  level  the  thermometer  will  be 
marking  the  b  )iling-point,  as  the  pressure  of  the  vapour  is  then 
.c<|ual  to  the  atmospheric  pi*essui*e  on  the  0}>en  end  of  the  tube. 

With  complex  mixtures,  like  ordinary  petroleum, 
the  constituents  can  only  be  separated  hy  the  use  of 
a  |)articular  long  head*  to  the  retort  or  still,  up 
which  the  vapours  must  ascend,  and  where  they  are 
cooled  and  condensed  in  a  certain  order. 

Obtain  a  litre  of  ordinary  lamp  petroleum  (paraffin 
oil).  This  has  been,  of  course,  distilled  at  the  place 
of  origin.     It  is,  however,  still  a  mixture. 

The  distilling  ila.sk  should  liave  a  capacity  of 
ulx)ut  soo  c.c,  and  be  round-bottomed.  (Copper  Ls 
much  preferable  to  glass.) 

The  dephlegmator  tube  f  (Fig.  30)  is  fitted  in  with 
a  cork,  not  with  a  rubber  stopper.  Such  a  flask 
should  not  have  more  than  500  c.c.  of  petroleum  as  a 
charge.  On  heating,  many  of  the  constituents  of  the 
mixture  are  converted  into  vapour,  some  in  greater 
amount  than  othei*s.  These  vapours  ascend  the  tube. 
There  is  a  certain  amount  of  resistance  due  to  the 
construction  of  the  tube,  and  much  cooling  owing  to 
the  large  surface.  The  ilame  must  he  arranged  so 
that  no  serious  **  priming  "  of  the  tube  (K'curs,  and  that  two  or  three 
drops  per  second  fall  into  the  receiver  at  the  end  of  the  cooliug 
tube.  The  action  in  the  tall  tube  is  roughly  like  this.  Imagine 
three  vapours,  a,  h,  c,  ascending  the  tube — a  most  volatile,  c  least. 
All  are  cooled,  and  some  of  each  condensed.  If  the  tube  is  long 
enough  and  the  heating  not  too  severe  some  of  a  alone  will  survive 
the  cooling  and  enter  the  side  outlet,  whilst  all  of  b  and  c  and  some  a 
will  be  condensed  and  fall  back.  In  condensing  b  and  c  also  give 
up  heat,  some  of  which  is  expended  on  a.  The  thermometer  will 
stand  practically  constant  or  rise  only  through  a  small  number  of 
degrees  whilst  any  decided  individual  substance  is  distilling  over. 
Sometimes  it  is  only  possible  to  collect  "  fractions "  coming  over 
whilst  the  thermometer  is  rising  through  20  or  so  degrees.  In  such 
case  these  portions  are  again  distilled.  'J'his  may  happen  with  the 
500  c.c.  of  petroleum,     lleat  gently  at  first  so  that  it  slowly  passes 

*  Dephlegmator. 

t  This  may  be  quite  straight,  and  can  be  easily  made.  14  ins.  by  ^io. 
(35  cm.  by  1'5  cm.)  is  a  convenient  length  and  size.  The  theory  of  this 
process  cannot  be  entered  into  here. 
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over,  and  catch  in  separate  tubes  or  flasks  the  distillate  at  every 
20°  C.  up  to  about  200°  C.  Measure  each  fraction.  Allow  the 
retort  to  cool,  then  measure  the  residue. 

Place  about  20  c.c.  of  the  original  oil  in  a  small  beaker.  Pass  a 
burning  taper  at  the  distance  of  about  1  cm.  (or  J  inch)  slowly  over 
the  surface  of  the  oil.  There  will  probably  be  no  effect.  Now  do  the 
same  with  the  fractions  obtained  by  distillation.  The  finst  fraction 
will  probably  have  commenced  to  distil  at  about  100°  C.    Its  vapour 


Fig.  30. 

will  probably  "  flash  "  or  fire  when  the  taper  flame  is  passed  over. 
Flashing  is  due  to  inflammable  vapours  being  given  off,  which  form 
explosive  mixtures  with  air. 

Most  oils  will  give  off  sufficient  vapour  for  this  flash  test  at  some 
particular  temperature,  and  a  special  apparatus  is  generally  employed 
for  ascertaining  this  point.     This  is  the  "  flash  "  point  of  the  oil. 

If  some  of  this  petroleum  be  "  boiled  away "  in  a  test-tube  a 
little  black  residue  only  will  be  left.  If,  however,  the  vapour  of  the 
oil  be  sent  through  a  very  hot  tube  charring  takes  place. 

For  this  it  is  only  necessary  to  heat  some  petroleum  to  boiling- 
point  in  a  distilling  flask  and  allow  the  vapour  to  pass  through  a 
Mirow  tube  heated  to  full  redness  by  a  good  Bunsen  flame.     A  thin 
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layer  of  somewhat  hard  and  glistening  charcoal  will  be  found  lining 
the  tube. 

When  any  of  these  oils  are  burnt  from  a  wick  (or  when  a  jet  of 
their  vapour  is  fired)  and  a  cold  object  held  in  the  flame  so  as  to 
obstruct  the  air  supply  some  charcoal  is  deposited,  but  its  texture  is 
loose ;  it  is  "  soot.'^  This  material  can  be  obtained  from  almost  every 
kind  of  flame  of  a  carbon  compound  by  chilling  or  restricting  air 
access,  and  when  made  in  this  manner  is  often  called  "  lampblack." 

Turpentine,  camphor,  resin,  and  many  substances  obtained  from 
coal  tar,  such  as  benzene,  naphthalene,  &c.,  burn  with  very  smoky 
or  sooty  flames. 

Coal,  when  heated  to  a  very  high  temperature,  produces  coke— a 
much  denser  and  harder  form  of  charcoal  than  given  by  ordinary 
plant  products. 


Pound  up  some  ordinary  coal.  Half  fill  a  small  porcelain  or 
platinum  crucible  with  the  fine  powder,  close  with  a  lid,  loosely,  and 
heat  as  strongly  as  possible  over  a  Bunsen  flame,  or,  better,  a  large 
blowpipe  flame.  Much  gas  will  be  formed,  and  burn  with  a  luminous 
and  smoky  flame.  The  heating  should  be  continued  until  little  or  no 
more  gas  seems  to  be  produced  and  the  crucible  is  fairly  red  hot. 
After  cooling  the  crucible  will  be  found  to  contain  a  porous  coke. 
It  will  appear  to  be  one  piece,  and  is  much  harder  than  wood 
charcoals.  Heating  for  a  long  time  to  a  very  high  temperature 
increases  the  hardness  of  the  coke. 

Gas  carbon  is  formed  in  the  retorts  or  clay  tubes  in  which  coal  is 
heated  in  the  manufacture  of  coal  gas.  It  is  produced  by  the  decom- 
position of  the  gases,  and  is  found  on  the  upper  parts  of  the  retorts, 
where  he  temperature  is  very  high. 

Animal  substances,  as  horn,  bone,  ivory,  feathers,  leather,  wool, 
silk,  &c.,  give,  when  heated,  a  peculiar  carbon  or  charcoal  residue. 
The  gaseous  products  differ  considerably  from  those  produced  with 
the  previously  mentioned  substances. 


Heat  in  a  small  retort  or  crucible  (as  with  cotton — ante)  either 
quill  cuttings,  horn  shavings,  or  silk.  Any  of  these  will  be  obseived 
to  swell  up  and  wriggle  when  fii-st  heated.  Vapours  escape  which 
when  tested  with  the  litmus  papers  react  quite  differently  from  thoee 
from  carbon  or  wood.  The  vapours  have  a  very  unpleasant  odour. 
On  heating  to  cessation  of  gas  evolution  the  residual  charcoal  will 
appear  as  if  fusion  had  taken  place  before  final  resolution.  The 
charcoal  is  hard  and  shiny,  and  does  not  easily  burn  in  air.  Bone 
and  ivory  will  give  oif  similar  volatile  products,  but  the  charcoal  will 
retain  the  form  of  the  original  owing  to  the  large  quantity  of 
mineral  matter  they  contain.  Animal  products  contain  nitrogen, 
which  is  converted  into  ammonia  at  the  temperature  of  charring. 

All  the  varieties  of  charcoal  or  amorphous  carbon  mentioned 
will  commence  to  burn  in  air  when  heated  therein  to  some  particular 
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degree.  The  more  dense  the  charcoal  the  higher  the  ignition  tem- 
perature. Graphites,  diamond  and  gas  carbons  require  not  only  a 
high  temperature,  but  either  pure  oxygen  or  air  containing  some 
extra  oxygen. 


Some  one  of  the  charcoals  made  should  be  burnt  either 
in  pure  oxygen  or  in  air,  so  that  the  product  may  be  caught  and 
examined.  About  a  gram,  or  less,  of  charcoal  from  cotton-wool  or 
similar  light  substance  may  be  ignited  and  dropped  into  a  dry  flask 
— say  a  litre  flask — which  is  then  quickly  closed  with  cork  or  stopper 
and  gently  shaken  so  that  the  charcoal  does  not  remain  at  one  place. 
It  will  glow  for  a  little  time  and  then  go  out.  Allow  the  flask  to 
cool  before  opening.  If  done  properly  little  difference  of  pressure 
will  be  noticed  on  opening.  Some  charcoal  will  be  left,  as  there  is 
little  more  than  * 25  of  a  gram  of  oxygen  available  in  the  litre. 

Different  kinds  of  coke,  graphite,  and  dia- 
mond may  be  tried  in  the  same  way  as  the 
charcoals.  They  will  not  continue  burning  in 
air. 

A  bottle  (Fig.  31)  should  be  filled  with 
oxygen,  and  small  pieces  of  coke,  graphite,  or 
diamond  splinters  wrapped  in  platinum  wire 
(or  foil),  heated  very  strongly,  and  quickly 
immersed  in  the  gas. 

Assuming  charcoal  to  be  carbon,  the  action 
on  burning  may  be  represented  by  C  +  O^  =  00^, 
which  means  that  12  parts  by  weight  of  carbon 
have  united  with  32  parts  of  oxygen. 

It   should   be   noted   that    the  oxygen    is 
gaseous  and  the  carbon   a  solid,   the  specific 
gravity  of  which  may  vary  from  about  1  to  nearly  4.     Whatever 
"  allotropic '*   form  the  carbon  may   be  in,  the  weight   proportion 
remains  constant.     The  carbon  compound,  called  the  dioxide,  formed 
has  the  same  volume  as  the  oxygen  before  combination. 

When  charcoals  are  completely  burnt  the  main  product  is  the 
oxide  called  carbon  dioxide  or  carbonic  acid  or  carbonic  anhydride. 
This  compound  is  a  heavier  gas  than  air,  and  will  remain  for  a  little 
time  in  the  bottle  where  made.  After  burning  a  charcoal  in  a  bottle 
add  about  20  c.c.  cold  water  and  shake  up  for  a  few  minutes  (filter, 
if  necessary,  or  allow  to  settle).  Add  a  few  drops  of  litmus  solution, 
or  dip  in  a  piece  of  blue  litm\is  paper.  The  litmus  will  change  to  a 
toine-red  colour ^  which  indicates  a  feeble  acid  character. 

To  another  bottle  in  which  a  charcoal  has  been  burnt,  either  in 
air  or  oxygen,  add  about  20  c.c.  of  lime  or  baryta  water  (these  are 
solutions  of  the  hydroxides  of  the  metals  calcium  and  barium),  and 
shake  up.  The  liquid  will  become  milky  owing  to  a  vfhite precipitate 
of  a  compound  of  the  oxide  of  carbon  with  the  oxide  of  the  metal. 

The  white  precipitate  is  in  each  case  a  carbonate  of  the  metal. 
Most  meti'^'  '  '"^  similar  compounds.     The  two  mentioned  are 
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generally  iifte<l  ns  indicators  or  testH  for  this  oxide  of  carbon,  as  they 
are  white  and  insoliihle  in  ordinaiy  pure  water.  Acids,  as  nitric  or 
hydrochloric,  deconi|M)8e  all  these  carltonatep,  the  oxide  of  carbon 
(carbon  dioxide)  U*ing  g^enerally  vinibly  expelled,  an  ffferctaoem 
tiiking  place. 

r'lialk,  hiarhle,  limestone,  and  other  minerals  are  essentially 
calcium  carbonate. 

The  comi>osition  of  pure  calcium  carbonate  is  represented  I7 
(.'a(!<)^,  which  means  that  in  ino  j^jirts  by  weight  40  are  calcium,  1^ 
carlxni,  and  -ix  oxygen.     The  two  former  figures  are  the  atomic 


Yu\.  :J2. 


Fig.  33. 


weigh tH  of  the  clement  s  Ca  and  0,  and  48  is  evidently  three  times 
the  atomic  weight  (Hi)  of  oxygen. 

The  lime  or  barytji  water  tost  is  expressed  by  the  equation 

CO,  +  Cal  r,0,  =  CaCOj  +  H,0, 
and  the  action  of  hydi*ochloric  acid  on  the  calcium  cai*bonate  by 


211Cl  +  CaC03 

7.*J  100 


=  CaCI,  +  CO,  +  H,0. 

Ill  41  18 


Calcium  hydroxide  solution  becomes  turbid  or  milky  on  shaking 
up  with  air,  which  contains  about  -Oo  per  cent,  of  carbon  dioxide. 

Place  a  few  grams  of  chalk  or  mar])lo  in  a  test-tube  and  add  two 
or  three  c.c.  of  hydrochloric  acid.  Violent  effervescence  will  take 
place,  but  without  rise  in  temperature. 

Collect  some  of  the  gas,  by  allowing  it  to  How  over  into  some  dry 
tubes  (Fig.  J^;^),  and  examine  by  litmus  and  by  lime  water.  The 
results  should  be  the  same  as  with  the  gas  from  the  burning  of 
charcoals.  A  lighted  taper  or  wood  splinter  will  also  be  extinguished 
when  introduced  into  the  gas. 

Potassium,  or  sodium,  hydroxide  solutions  absorb  carbon  dioxide 
without  any  precipitation,  the  carbonates  formed  being  very  soluble 
in  water. 

CO,  +  2NaOn  =  Na.COa  +  H,0. 

Carbon  dioxide  is  most  conveniently  generated  by  allowiDg 
hydrochloric  acid  to  drop  on  marble  or  chalk  in  a  flask  arranged  as 
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in  Fig.  33.  The  gas  evolution  is  then  under  control.  By  passing 
the  gas  through  water  it  is  freed  from  hydrochloric  acid,  which  is 
liable  to  be  carried  over. 

In  ui$ing  an  apparatus  of  this  kind  it  is  usual  to  allow  the  gas  to 
escape  for  some  time  to  expel  air. 

When  all  the  air  is  expelled,  complete  absorption  of  the  gas  takes 
place  when  the  exit  tube  of  the  apparatus  is  just  dipped  under  the 
surface  of  a  solution  of  sodium  hydroxide.  With  this  apparatus 
larger  quantities  of  the  gas  may  be  obtained,  and  in  a  regular  stream. 
The  flame  of  most  ordinary  combustibles  is  extinguished  by  this  gas, 
but  several  metals  will  burn  in  it. 


Coil  a  few  centimetres  of  magnesium  ribbon  and  place  at  the  bot- 
tom of  a  test-tube.    Lead  a  stream  of  the  carbon  dioxide  to  the  bottom 


Fig.  34. 


of  the  tube,  and  then  heat  strongly  the  place  where  the  coil  lies.  Or 
the  gas  may  be  led  into  a  flask  and  a  piece  of  burning  magnesium 
ribbon  dropped  in.  The  metal  will  not  burn  so  well  as  in  air. 
Black  and  white  stains  or  splashes  will  appear  on  the  glass.  They 
are  partly  magnesium  oxide,  partly  carbon.  On  adding  a  few  drops 
of  hydrochloric  acid  the  white  oxide  will  dissolve,  leaving  a  black 
powder  of  carbon  from  the  carbon  dioxide.  The  action  of  the 
magnesium  is  shown  in  formulas  by  2Mg  +  CO,  =  2MgO  +  C.  A  few 
other  metals  will  similarly  decompose  carbon  dioxide. 

CABBON  MONOXIDE. — This  compound  consists  of  carbon  and 
oxygen  in  the  proportions  by  weight  of  12  to  16  only.  It  can  be 
produced  by  heating  charcoal,  or  some  metals,  to  a  high  temperature 
a  gentle  stream  of  carbon  dioxide. 

The  carbon  dioxide  produced  in  the  flask,  fix>m  marble  and  hydro- 
chloidc  acid,  must  be  dried  by  passing  through  sulphuric  acid  instead 
of  water,  and  then  led  over  charcoal  or  galvanised  iron  wire,  con- 
tained in  a  tube,  which  is  heated  as  strongly  as  possible.  The 
arrangement  of  the  apparatus  may  be  as  Fig.  34  (or  see  *'  Steam  "). 

This  gas  is  a  trifle  lighter,  bulk  for  bulk,  than  air,  and  can  be 
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colk^cted  over  water,  or  itotnssium,  or  sodium  hydroxide  solution,  in 
which  it  is  not  soluble,  iis  airlion  dioxide  in. 

The  piH  inny  bo  set  fire  to,  and  then  bums  in  air  with  a  blue  flame. 
The  product  of  its  burning  is  carbon  dioxide.  Its  production  as 
di\scril)etl  above  is  due  to  the  iil>straction  of  i»art  of  the  oxygen  from 
the  carlioii  dioxide  by  the  (*nrboii,  or  the  metal,  under  the  particular 
conilitions  of  teni j)ei-jituro.     CO.,  +  C  =  2C0  or  CO,  +  Zn  =  CO  +  ZnO. 

Another  way  of  obtiiinin^  this  oxide  is  to  drop  formic  acid,  or  a 
formate  as  Mnlium  formate,  into  strong  warm  sulphuric  acid  con- 
tained in  a  flask  arrangetl  as  that  for  generating  carbon  dioxide  from 
chalk  (Fig.  :>:>,  ante).     Perfectly  pure  carbon  monoxide  is  evolved. 

When  Ciirlx)n  monoxide  burns  in  oxygen  or  air  the  action  may  be 
repi-esented  by  the  expression  :?(.'<)  + O,  =  2C0,  (see  later). 

This  oxide  is  produced  in  many  technical  operations  on  a  very 
large  scale,  and  is  the  chief  constituent  of  most  gaseous  "fuels"  or 
"  heating  ■'  gases. 

AVOGADRO*S  LAW.— The  formula  employed  to  express  water  is 
liased  on  tluj  relative  combining  weights  (1(1  parUi  of  oxygen  to  2 
parts  hydrogen)  and  volumes  (2  of  hydrogen  to  1  of  oxygen).  The 
formula  \\J)  represents  a  molecule  of  water.  Pi'actically  also  it  should 
be  taken  to  niejin  1 X  parts  by  weight  of  water.  When  the  two  con- 
stituents unite  there  is  a  condensation,  two  volumes  of  hydrogen  and 
one  of  oxygen  forming  two  only  of  steam  or  gaseous  water. 

Taking  gi-ams  and  cubic  centimetres  as  weights  and  volumes,  it 
becomes 

Oxygen  .  10  gnns.  =  11,200  c.c. 

Hydrogen  ...       2  grms.  =  22,400  c.c. 
Steam  .  18  grms.  =  22,400  c.c. 

In  the  formation  of  carbon  dioxide  the  volume  or  bulk  of  the 
car])on  is  apparently  lost,  the  product  of  the  burning  of  carbon 
having  the  siime  volume  as  the  original  oxygen. 

Oxygen  32  grms.  =  22,400  c.c. 

Carbon        .  12  grms.  -  a  volume,  as  a  solid,  of  from 

about  4  to  5  c.c.  in  the  case  of 
diamond  or  graphite  to  nearly  12 
c.c.  with  some  forms  of  charcoal. 

The  formula  CO.^  means,  therefore,  44  parts  by  weight  of  this  gas» 
and,  if  the  parts  are  taken  as  grams,  also  a  volume  of  22,400  cc 
by  volume  at  0°  C.  and  7G0  mm.  II^O  and  CO^  represent  molecuies. 
The  weights  of  equal  volumes  of  these  substances  as  gases  at  the 
same  temperature  and  pressure  are  as  1 H  to  44. 

Almost  all  other  gaseous  substances  show  a  like  connection. 
That  is,  quantities  represented  by  their  simplest  **v«  eight  formula 
occupy  the  same  volume.     Thus  : 
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Water  (vapour) 
Carbon  dioxide 

.       H,0  =  18  grms 
.        CO,  =  44     „ 

Carbon  monoxide 

CO    =  28     „ 

Sulphur  dioxide 
Ammonia 

.         .         ,         .        SO,  =  G4     „ 
.      NH3  =  17     „ 

Hydrochloric  acid 
Methane 

.      HCl  =  86-5  „ 
.      CH,  =  16     ., 

AH  these  various  parts  by  weight  occupy  the  same  volume — viz;, 
22,400  c.c,  if  the  weights  be  taken  in  grams. 

This  may  be  called  the  "  normal  volume." 

These  values  seem  to  indicate  that  gaseous  molecules  may  he  all  oj 
the  sam^e  size.  Assuming  18  grms.  of  steam  to  represent  a  "  mole- 
cule '*  in  grams  (it  cannot  be  an  atom,  because  it  is  divisible  into  two 
substances),  then  the  above  formulae  are  also  molecular,  because  they 
are  the  smallest  formulae  applicable  to  these  substances  by  weight 
and  relative  number  of  "  atoms,"  and  these  weights  all  occupy  under 
the  same  conditions  of  temperature  and  pressure  the  same  volume. 
That  is,  these  weights  occupy  the  same  volume  as  18  parts  of  steam, 
and  the  steam  itself  occupies  the  same  volume  as  its  contained 
hydrogen,  and  experiment  shows  that  2  grms.  of  hydrogen  occupy 
the  same  volume  as  the  18  of  steam  and  also  of  the  weights  just  given 
of  the  other  gases.  2  may  therefore  be  taken  as  the  molecular  weight 
of  hydrogen.  The. above  are  compounds ;  the  elementary  substances 
oxygen,  hydrogen,  nitrogen,  &c.,  evidently  follow  a  similar  law, 
since 

H^  =     2  grms. 
0,  =  32      „ 
N,  =  28      „ 
CI,  =  71      „ 

This  is  arrived  at  experimentally  by  finding  the  relative  density 
of  the  gases  under  similar  conditions.  (See  "Vapour  Density," 
later.) 

Frequently  air  is  taken  as  the  unit  of  density  of  gases  and  vapours. 
The  **  molecular*' weight  of  dry  air  maybe  for  practical  purposes 
taken  as  28*8. 

The  density  of  any  gas  or  vapour  compared  with  air  is  given  by 
dividing  the  molecular  weight,  if  known,  by  28'8.  So  that  water 
vapour,lG  +  2  =  18,  and  ammonia,  14  +  3  =  17,  are  lighter  and  carbon 
dioxide,  12  +  10  +  10  =  44,  heavier  than  air. 

Taken  in  conjunction  with  the  metrical  system  of  weights  and 
measures,  a  chemical  equation  can  be  at  once  read  in  weight  and  in 
volume  of  those  products  which  happen  to  be  gases.  For  instance,  in 
the  production  of  carbon  dioxide  from  chalk  and  an  acid  the  equation 
as  written  gives  weights  : 

CaCOg  +  2HC1  =  CO,  +  H,0  +  CaCl,. 
100  73  44         18  111 

If  these  be  assumed  to  be  grams,  the  44  of  00,^  occupy  a  volume  of 
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1^1'.  100  CM*.  Sii|i(NiKiu^  the  c'hulk  tci  Imve  a  Hjiecifio  gravity  of  ^,  the 
HN»  grms.  woiiltl  ixx;iiiiy  .'HI  c.c.  The  CO,,  ou  liberatiou  from  hit 
iiiiioii  with  the  calciiiiii  oxiiley  CaO,  a^Kumes  more  than  400  times 
its  volume  in  the  coiiibineil  state.  lu  the  production  of  hydrogen 
from    zinc    and    biilphuric    acid,   Zn  +  U/^O^^  ZnSO^+  H^  the 

05  +  98  =  161+2  grmi. 
'2  griiiK.  of  hydrojren  ^  22,  i<Ni  c.c.  and  the  i\b  of  zinc  about  Scx^ 
and  the  Kiilphnric  acid  fioni  which  the  hydrogen  comes  about  51  ex. 
The  change  in  volume  is  therefore  almo8t  the  name. 
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SULPHUR. 


is  an  elementary  substance,  and  is  found  in  some  volcanic 
in  a  free  state — that  is,  uncombined,  as  are  nitrogen  and 
ti  the  atmosphere. 

mous  quantities  exist  in  combination  with  some  metals  as 
i  and  also  as  sulphates. 

element  is  a  pale  yellow  solid,  and  can  be  obtained  as  "  roll 
'  or  in  irregular  crystalline  masses  or  in  powder 
led  "  flowers  of  sulphur  "  or  "  flour  of  sulphur." 
an  exceedingly  brittle  substance  which  can  be 
ly  powdered. 


a  small  quantity  in  a  dry  test-tube  very  slowly 
ame.  It  will  melt  into  a  pale  yellow  liquid, 
es  not  wet  the  glass. 

solidifying-point  temperature  should  be  taken 
ng  the  melted  sulphur  with  a  thermometer 
ets.  The  temperature  will  be  close  upon  115° 
melting-point  can  then  be  taken  as  indicated 
5. 
ng- point   tubes  are   made   by   softening    the 

I  a  small  test-tube  in  the  blowpipe  flame  and 
out  the  glass  to  a  long  piece  of  fine  tube  of 
mm.  diameter.  Pieces  of  this  about  3  cm. 
e  one  end  melted  up.  A  very  small  piece  of 
is  introduced  (a  piece  the  size  of  an  ordinary 
is   quite   large   enough),   and   the   tube  then 

by  means  of  a  small  india-rubber  ring  cut 
)iece  of  ordinary  rubber  tubing  by  means  of  a  sharp  pair 
•8,  close  to  the  bulb  of  the   thermometer.     The   liquid    is 
3ated,   and  the  temperature  read  off  at  the  moment  the 
i  melts, 
ulphur  in  the  test-tube,  on  cooling  down  from  its  melting- 

II  crystallise  to  a  pale  yellow  confused  mass  clinging  around 
mometer.  Melt  this  snlphur  again,  and  continue  the 
fber  it  is  melted.     It  will  become  darker  in  colour  as  it 
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Fig.  35. 
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gets  hotter,  and  at  a  certain  temperature,  which  should  be  noted,  it 
will  become  thick  and  viwid.  Allow  to  cool  again,  remove  the 
thermometer  whilst  the  substance  is  fluid,  and  then  heat  again  until 
it  fairly  boils  in  the  tube.  Vapour  will  be  freely  given  oflf,  which 
may  take  fire  at  the  mouth  of  the  tube.  (The  temperature  is  too  high 
for  an  ordinary  theimometer;  it  is  440°  C.)  Now  pour  out  into 
cold  water.  The  sudden  chilling  will  cause  the  sulphur  to  assiune  a 
"  modified  "  form  (see  "  Ozone  ").  The  chilled  sulphur  can  be  stretched 
and  extended  almost  like  india-rubber.  It  is  one  of  several  "allo- 
tropic  "  forms  into  which  sulphur  easily  passes  under  certain  physical 
treatment.  This  form  is,  unfortunately,  not  permanent,  but  gradually 
reassumes  the  brittle  character. 

Sulphur  is  quite  insoluble  in  water.  This  can  be  proved  bj 
boiling  a  few  grams  in  water,  drying,  and  weighing  again.  Some 
other  liquids,  especially  some  oils,  dissolve  sulphur — notably  tur- 
pentine and  carbon  bisulphide  (the  latter  is  a  very  poisonous  sub- 
stance). Boil  a  small  piece  of  sulphur  in  about  10  c.c.  of  turpentine; 
pour  into  a  dish.     On  cooling  crystals  will  form. 

Melt  about  200  grms.  sulphur  in  a  dish.  Allow  to  cool  until  a 
crust  just  forms  on  the  surface.  Break  two  holes  through  the  crust 
and  pour  the  liquid  pai-t  out  carefully.  The  cavity  will  be  found 
full  of  crystals.  From  a  chemical  point  of  view,  sulphur  in  many 
respects  i*esembles  oxygen.  This  is  especially  the  case  as  regards  the  i 
ease  with  which  it  combines  with  metals. 

Silver,  which  will  not  rust  or  unite  with  oxygen  under  any 
ordinary  circumstances,  will  burn  quite  well  in  sulphur  vapour. 
Heat  a  small  piece  of  silver  in  a  test-tube  or  a  small  porcelain 
crucible  as  strongly  as  possible,  and  then  drop  in  a  smaller  piece  d 
sulphur.  The  sulphur  will  vapourise  almost  immediately,  and  the 
metal  will  then  burn  or  glow,  forming  a  sulphide,  which  melts  by  the 
heat  of  the  reaction. 

Perform  a  similar  experiment  with  the  metals  copper,  mercury,  and 
lead.  The  action  will  be  found  to  be  almost  as  energetic  as  vith 
silver.  Zinc  and  aluminium  can  scarcely  be  heat-ed  to  a  sufficiently 
high  temperature  in  a  tast-tube  to  start  the  action,  but  at  a  \&] 
high  temperature  they  also  combine  with  sulphur. 

A  strong  solution  of  sodium  hydroxide  or  a  mixture  of  slaked 
lime  and  water  (calcium  hydroxide),  when  heated  with  powdered 
sulphur,  form  yellow  solutions  which  contain  some  sulphides  of  tho* 
metals. 

All  these  3ompounds  are  sulphides.  As  a  rule,  they  are  crystaliioe 
and  generally  brittle  solids,  and  quite  unlike  either  sulphur  or  tbi 
metal.  Some  of  them  are  quite  easily  attacked  by  acids,  and  tbf 
all  change  when  heated  in  contact  with  air. 

The  result  of  the  acid  attack  on  the  sulphides  is  generally 
formation  of  sulphuretted  hydrogen,  or  hydrogen  sulphide,  as 
product. 

This  is  analogous  to  the  action  of  acids  on  metallic  oxides,  wl 
water  is  one  product.     The  actions  can  be  shown,  and  com] 
by  symbols  thus :   CuO  +  H,SO,=  U,0  +  CuSO, ;  FeS-*-H,SO^. 
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+  FeSO^,  (fee.  Hydrogen  sulphide  happens  to  be  a  gas  at  ordinary 
temperatures,  whilst  hydrogen  oxide  is  a  liquid.  Otherwise  there 
are  many  analogies  between  the  two. 

Sulphur  burns  when  heated  in  air  to  some  temperature  above 
its  melting-point.  When  very  carefully  heated  it  may  be  evaporated 
without  taking  fire.  The  flame  of  sulphur  in  air  is  pale  blue,  and 
white  smoke  is  generally  formed.  In  oxygen  the  flame  is  more 
violet  than  blue. 

A  piece  of  moistened  blue  litmus  paper  held  over  the  flame 
will  become  reddened.  The  choking  fume  given  oflT  is  an  oxide  of 
sulphur.  This  oxide  consists  of  equal  weights  of  sulphur  and  oxygen. 
It  is  the  main  product  of  the  burning  of  sulphur  either  in  air  or 
oyxgen.  It  is  known  as  sulphur  dioxide  (SOg).  It  has  the  same 
volume  as  the  oxygen  or  air  employed  in  its  formation. 

Place  several  small  pieces  of  sulphur  in  a  small  dry  flask  with 
cork  and  tube  ( Fig.  36) .   The  tube  should  dip  two  or  three  centimetres 
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Fig.  36. 


under  mercury.  Bring  a  red-hot  wire  in  contact  with  the  sulphur 
to  ignite  it,  and  quickly  replace  the  cork  and  tube.  The  pressure  of 
mercury  must  be  enough  to  prevent  escape  of  gas  during  the  burn- 
ing. After  cooling  down  the  mercury  will  rise  but  a  centimetre  or 
so  above  the  level  in  the  cup,  showing,  roughly,  that  the  volume  is 
not  altered. 

Sulphur  dioxide  sufficiently  good  for  the  following  experiments 
can  be  made  by  burning  some  sulphur  in  a  large  flask  full  of  oxygen 
(or  even  air).  Cover  the  bottom  of  a  flask  with  coarse  sand,  fill  with 
oxygen  gas,  cover  the  mouth  with  a  watch  glass.  Now  melt  and  set 
fire  to  a  few  grams  of  sulphur  in  a  small  dish,  and  pour  some  of  the 
burning  sulphur  into  the  flask  and  again  close  with  the  watch  glass. 
The  flame  will  be  brighter  in  oxygen  than  in  air.  It  will  finally  die 
out.  After  standing  for  a  shoi-t  time  the  fumes  of  vaporised 
sulphur  will  settle.  The  sulphur  dioxide  is  a  much  heavier  gas 
than  air,  and  can  be  poured  out  or  decanted  into  several  test-tubes, 
and  each  then  treated  as  follows: 

I.  Introduce  a  strip  of  moistened  blue  Htmus  paper.  It  will  be 
reddened. 

II.  A  burning  taper  will  be  extinguished,  and  the  gas  itself 
will  not  inflame. 
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III.  A  pieco  of  burning  magnesium  ribbon  will  continue  to  bom. 
mid  some  sulphur  7/1/1^  \m  li1>erateil. 

I V.  A  few  drops  of  iK)t4Uisium  |)eruianganAte  solution  on  a  rod  or 
a  piece  of  pai>er  coloured  by  the  same  will  be  decolourised  by  the  gas. 

V.  Invert  a  tube  of  the  gas  in  a  liasin  of  cold  water.  The  gas 
wijl  dissolve  and  water  rist»  in  the  tube.  This  water  will  redden 
blue  litmus.  It  is  sulphurous  acid,  11,S0„  produced  by  the  union  of 
tluj  gas  with  water. 

VI.  Drop  a  very  small  (piantity  of  red-lead  into  a  tube  of  the 
gas  aud  warm  gently,  it  will  be  clmnged  into  a  white  substance— - 
lejul  sulphate,  PbSC\. 

Sulphur  (lioxide  oxidises  somewhat  easily  either  in  solution  in 
water  or  as  a  gas  in  a  moist  state.  The  end  result  of  its  oxidation 
is  sulphuric  acid  or  a  sulphate,  but  the  next  stage  of  oxidation  may 
be  obtained  by  heating  the  sulphur  dioxide  with  oxygen  gas. 

VII.  Make  a  little  coil  of  platinum  or  iron  wire  red  hot  and 
liold  in  the  open  end  of  a  tube  or  flask  containing  sulphur  dioxide. 
AVhite  fumes  will  fonn  at  the  junction  of  air  and  the  gas.  These 
fumes  are  SO3 — sulphur  trioxide.  They  will  absorb  and  combine 
with  the  atmosplieric  moisture,  forming  sulphuric  acid,  H^SO^.  Put 
one  drop  of  water  on  a  strip  of  white  {)ai>er  and  hold  in  the  fumes. 
Then  <lry  the  paper  carefully.  It  will  char,  or  become  black,  where 
it  WiLs  moistened. 

Tlie  ])latinum  or  iron  in  the  above  exi)eriment  are  called  catalytic 
or  contact  agents.  SO,  combines  veiy  slowly  with  oxygen  under 
ordinary  tempeniture  conditions.  The  presence  of  some  materials 
assists  this  combination,  whilst  not  themselves  undergoing  alteration. 

SO3  is  a  crystjillino,  volatile  solid  which  combines  very  ener- 
getically with  water,  pnMlucing  much  heat  in  the  process. 

FORMATION  OF  A  SULPHATE.— Melt  a  few  grams  of  potassium 
nitrate  (nitre)  in  a  poicrliiin  dish  and  add  small  pieces  of  sulphur. 
A  violent  combiistion  will  tak(^  place.  Nitrogen  and  some  red  fumes 
of  oxides  of  nitrogen  will  ]x)  given  oil',  and,  if  too  much  sulphur  l)e 
not  used,  the  greater  part  of  tin;  ])roduct  will  bo  potassium  sulphate. 
When  cold  the  melted  mass  should  be  dissolved  in  the  least  possible 
quantity  of  boiling  water.  On  cooling,  this  solution  will  give 
crysttils  of  the  sulphate. 

Metallic  sulphides  may  be  similarly  oxidised  by  melted  nitre. 
One  product  will  be  potassium  sidphate,  and  the  other,  in  most  cases, 
an  oxide  of  the  metaL  Pound  up  a  few  grams  of  copper,  iron,  or  lead 
sulphide,  and  fuse  with  nitre  in  a  dish  as  above.  After  cooling  wash 
out  as  before  with  hot  water.  The  licpiid  will  require  filtering,  and 
on  the  filter  paper  will  be  foiind  an  oxide  of  the  metal.  If  minerals 
are  used  they  must  be  finely  powdered,  and  not  more  than  one  or 
two  grams  taken  to  about  five  or  six  of  nitre. 

SULPHURIC  ACID  can  easily  be  ma<le  on  the  small  scala  Tech- 
nically, two  processes  are  in  use.  In  one  nitric  acid  or  oxideaof 
nitrogen  are  the  oxi<lising  agents,  convuiting  SO,  in  the  presence  of 
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air  and  water  into  the  aci<J.  In  the  other  SO^  is  made  to  combine 
with  atmospheric  oxygen  by  the  influence  of  a  contact  material, 
either  platinum  or  some  forms  of  iron  oxide  or  silicate. 

A  very  small  quantity — 1  or  2  c.c. — of  sulphuric  acid  may  be 
made  by  filling,  say,  a  litre  flask  with  SOj  and  then  adding  about  2  c.c. 
of  very  strong  nitric  acid.  The  flask  may  be  covered  with  a  watch 
glass  and  left  some  hours.  The  fumes  and  coloured  gases  will  slowly 
disappear,  and  the  flask  may  then  be  washed  out  with  a  few  c.c.  only  of 
water,  which  is  then  carefully  boiled  down  in  a  small  flask  until 
white  fumes  begin  to  come  off.  On  cooling,  a  few  drops  of  oily 
liquid — sulphuric  acid — will  be  left. 

Sulphuric  Acil  by  Electrolysis  of  a  Sulphate. 

Make  in  a  dish  or  beaker  a  strong  solution  of  copper  sulphate 
in  warm  water.  Place  in  this  strips  of  platinum  foil  or  rods  or 
plates  of  battery  or  gas  carbon  to  act  as  electrodes,  and  lead  in  a 
current  from  two  or  three  storage  cells.  Metallic  copper  will  be 
deposited  on  one  plate  and  oxygen  given  off  at  the  other.  The 
liquid  will  finally  become  colourless.  Pour  off  the  clear  liquid,  and 
evaporate,  as  in  the  previous  experiment,  in  a  flask  or  dish.  Other 
methods  are  to  oxidise  SO^  by  the  action  of  bromine  or  iodine  and 
water.  Bromine  or  iodine  are  placed  under  water  in  a  large  flask 
and  SO^  gas  passed  in.  The  reaction  SO^  +  Br,  +  2OH2  =  2HBr 
+  HjSO^  takes  place.  On  heating,  the  HBr  is  driven  off  and  the 
acid  in  solution  can  be  concentrated  by  evaporation.  The  process 
nuisi  be  conducted  under  a  draught  ari'angement.  Weak  solutions 
of  sulphuric  acid  on  evaporating  or  boiling  down  lose  water  and  leave 
a  strong  acid. 


CHAPTEU  VI. 

(^rANTlTATIVE  EXERCISES. 

In  a  previous  chapter  (Chapter  III.)  atomic  anil  combining  weights 
havo  l)een  siK>keii  of  in  connection  with  hydrogen  and  water. 

Some  of  the  following  cxpcrimentM  sliould  be  performed  as  early 
as  |M)ssible  after  the  introihictory  cliapter. 

Relative  Combining  Weights,  and  Formulae  Trom  Percentage 
Composition. 

Atomic  and  coml)ining  weights  of  the  elemcntn  are  in  some 
cjiftCK  identical  values,  as,  for  in>tance,  with  chlonne  and  hydrogen. 
With  oxygen  and  liydrogen  the  atomic  weights  are  as  16  to  1,  and 
the  combining  or  equivalent  weights  as  H  to  1.  Few  metallic  Bub- 
stiinces  combine  directly  with  liydrogen,  whilst  many  combine  meet 
readily  with  oxygen  or  siilphur,  or  chlorine,  or  iodine,  and  these  in 
turn  combine  easily  with  hydrogen,  so  that  indirectly  the  combining 
weights  may  be  obtained  as  compired  to  II  as  unity. 

As  easy  practical  examples,  the  combinations  of  copper,  silver, 
lead,  and  iron  with  oxygen  or  sulphur  or  halogens  may  be  first  taken. 

Jft'fah  and  O.^t/fje/tj  Sulphur  or  CJdwine, 

LEAD  AND  OXYGEN.—  Clean,  dry,  and  bend  a  piece  of  hard  glass 
tuljeto  the  form  of  Fig.  :>7,*  and  then  weigh  it.  Inserta  small  piece 
of  pure  lead — 1  to  '2  grms.  is  (juitti  enoiigh — weigh  again,  support 
the  tube  conveniently,  and  heat  until  the  lead  melts  in  the  bend. 
The  natural  draught  of  air  throui^h  the  tube  will  eventually  oxidise 
the  metal,  but  it  is  better  to  blow,  very  gently,  a  stream  of  oxygen 
from  an  oxygen  cylinder,  or  any  source,  just  into  the  short  end  of 
the  tube.  The  lead  will  glow  and  burn,  and  if  the  admission  of 
oxygen  be  not  regulate<l  the  oxide  of  lead,  in  forming,  will  become 
very  hot  and  melt  through  the  glass.  The  lead  oxide  formed  is 
quite  transparent  when  fluid,  so  that  it  is  easily  seen  when  all  the 

*  This  form  of  tube  serves  to  heat  ii])  a  weighed  amount  of  some  metallic 
sulphide,  as  PbS  or  Ag.^S,  which  is  tlion  heated  in  the  slow  carrent  of  air 
caused  in  the  tul)e  bj  natural  drauglit.  In  this  case  a  certain  amount  of 
sulphate  is  produced.  The  experiment  should  be  done  with  silver  salphidei 
which  forms  almost  the  theoretical  amount  of  sulphate,  and  with  lead  sul- 
phide, which  scarcely  forms  half  the  theoretical. 
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?^^tal  has  been  combined.     The  tube  should  be  cooled  slowly  by 
^ying  it  on  some  asbestos  wool. 

^^ample  (actual). 

Tube 


„  +  lead 
After  oxidation  . 


19-5708)     „,-^       .  , 
19-9180|  '^^^^  °^^*^^- 

19-57G8J     ^^^^ 


•3412  grm.  of  lead  has  therefore  taken  up  0204  grm.  of  oxygen  in 


forming  an  oxide,  which  contains 
oxygen  and  9282  per  cent.  lead. 


02C4  X 100 
•3G7G 


=  7*  18  per  cent,  of 


Fia.  37. 


Dividing  the  percentages  found  of  each  element  by  the  respective 

these  figures  are  practically 


X      •        •  k*    7-18      ..r.  92-82       .  ,7 
atomic  weights,  -^  =  '448,  ^^  =  447 


as  1  to  I.    Or,  in  another  way,  the  amount  of  oxygen,  -0264,  taken  up 
by  the  •3412  of  lead  is  in  the  proportion  of  ir)-8  to  205  (nearly). 

The  combining  weight  of  lead,  according  to  the  standard  of 
oxygen  being  Ifi,  is  therefore  about  206.  (The  most  recently  obtained 
values  are  given  in  Table  I.,  and  the  ordinarily  used  value  is  207.) 

SILVER  AND  SULPHUR.— Clean  and  weigh  a  small   porcelain 
crucible,  with  its  lid.     Place  a  small  piece  of  silver,  in  thin  sheet  or 
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foil,  ill  the  criifiMc*  anil  wpi^h  npiiii.     The  quantity  need  not  esoeed 
'J  ;;rin>.  uml  may  Ik*  as  little  as  *!?  |;rin. 

I'larc  tin*  cTiiriliio  with  silver  on  a  pipe-stem  triangle  on  a  tripod 
am!  heat  with  a  c'liMf  Hiinsen  tlamo  nearly  to  redness.  Uft  the  lid  and 
drop  in  a  small  ]»ii>c«*  of  clean  roll  sulphur  and  replace  lid.  Therein 
no  olijert  in  wei^hiii^  the  sulphur — the  quantity  used  must  be  « 
littli*  more  than  the  silver  taken.  As  the  two  oombino the  tempera- 
t  lire  inside  the  criieihle  will  U*  s(*en  to  rise.  The  materials  will  glow. 
Sulphur  va|K)ur  will  es<';i|H»  and  hum  nround  the  edges  of  the  lid. 
(*ontinue  the  heating  until  these  fumes  cease.  Lift  the  lid  and  repeat 
the  treatment  with  sulphur.  Finally  cool  and  weigh.  There shoald 
)h*  an  increase  in  wei^'ht.  The  lid  must  be  kept  on  until  thecrucible 
is  (juite  coM  to  prevent  arress  of  air.  The  product  will  be  a  black, 
crystalline  m:iss. 

Example. 

rnrc«'lain  crucihle  .  ir>"40fiO'J  rt.ffK/w\    n 

.   \  T...,^p....}  0*6500  silver. 

„         T  A;:  lWiKtM\j 

After  healiiiir  with  sulphur  .      lO'lTjiS)  /x  •^j/.a    -i  i  fj 

1  :r40Go)  ^'7*^-  ™*^®r ^^P^**^ 

Tlii>  silver  sulphur  com{K>und  formed  contains,  therefore,  *74(I3 
•('..-.no     -uih;!'  sulphur,  or  12-^«  per  cent.,  and  silver  87*12. 
Niiw  if  tli«>  percentap's  so  found  be  each  divided  by  the  respectiTe 

atomic  \vei;:hts.  viz., 

S  per  cent.  12-SK  ,        , 

'  =  -4  or  1 

A'' ])or  cent.  S7*12        ^       a 
—    o  or  s 

KIS 

Tli<'-«-  are  eviilenily  tlie  I'clativo  uuml>er  of  atoms  of  the  substanon 
in  the  compoun<l,  :in(l  it  is  for  this  reason  sulphide  of  silver  is  for 
mulatrMl  as  A;r,S.      (Sec*  "  Atomic  Weights.") 

COPPER  AND  SULPHUR.— Tliis  operation  is  somewhat  less 
easy  than  the  former.  The  temperature  must  be  higher,  and  mr 
mon;  (%'in^f  ully  excluded  during  the  cooling.  Otherwise  the  procedure 
is  the  wimf*.  Two  compoimds  of  stilphur  and  copper  are  known.  (X 
ih(M(;  oTie  containH  (exactly  luilf  the  (juantity  of  8u]phur  or  doaUe 
the  (piantity  of  copp<T  compared  with  tlu^  other.  The  one  with  tl» 
lower  (piant.it.y  of  Kulphur  withstands  ilw  higher  temperature.  U 
is  formulated  as  ('u,S.     It  is  a  crystalline,  blue  substance. 

LEAD  AND  SULPHUR.  -A  similar  experiment  with  lead  is  etiD 
more  difficult.  A  much  higher  temporaturo  must  be  maintained  for 
a  little  time,  the  crucible  with  lead  and  sulphur  being  heated  in  • 
good  blowpipe  flame  for  twenty  or  thii-ty  minutes  and  cooled  vaj 
carefully  with  exclusion  of  air. 
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Example. 

Crucible 23-4510\  ,.«.o 

„    +  lead        ....     24-8040/  ^  "^^ 

After  heating  +  sulphur         .         .     25*0220)  -.7. 

23-4510/  ^  ^^^ 

The  lead  pulphide  formed  contains  13*87  per  cent,  of  sulphur,  and 
therefore  86'13  of  lead. 

S=  1^:^=  -433 

Pb  =  5^^  =  .417 

— nearly  1 : 1,  as  represented  by  PbS. 

Other  metals — for  instance,  tin — may  be  tried  in  a  similar  manner, 
when  it  will  be  found  that  each  requires  some  particular  care  as  to 
temperature,  to  avoid  loss  by  vaporisation,  &c. 

The  elements  chlorine  (bromine),  iodine  easily  form  compounds 
with  metals,  and  as  a  rule  compounds  of  a  relatively  simple  type  not 
readily  decomposed  on  contact  with  air  or  water.  They  are  conse- 
quently well  adapted  for  experiments  on  combining  weights. 

Example. 

SILVER  AND  IODINE  OR  CHLORINE.  Iodine,— Weigh  as 
before  in  a  porcelain  crucible  about  '2  to  '5  grm.  pure  silver.  Heat 
strongly  over  a  clear  Bunsen  flame ;  then  drop  in  a  few  crystals  of 
iodine,  quickly  covering  the  crucible  with  the  lid.  The  silver  will 
glow  and  the  product  melt  into  a  brown  liquid.  The  temperature 
must  be  kept  up  for  a  little  time  and  several  additions  of  iodine  made. 
The  melted  iodide  in  the  crucible  will  be  seen  to  pale  considerably  as 
it  cools,  and  when  solid  and  cold  is  a  pale  yellow  crystalline  substance. 
Air  has  no  effect  on  the  compound  even  at  a  red  heat. 

The  experiment  requires  a  little  care.  The  silver  should  be  in  thin 
pieces  or  fine  wire,  and  the  temperature  as  high  as  the  Bunsen  flame 
will  make  it  before  the  iodine  is  added. 

Iodine  is  very  volatile,  and  the  excess  very  readily  passes  away. 

Using  the  (rounded)  atomic  weights,  it  may  be  stated  that  the 
silver  and  iodine  in  this  compound  are  to  each  other  as  108  to  127,  or 
atom  to  atom,  as  represented  by  the  formula  Agl. 

Chlorine, — This  operation,  on  account  of  the  gaseous  and  dis- 
agreeable character  of  the  chlorine,  requires  a  little  more  elaboration. 

A  hard  glass  tube  of  1  cm.  diameter  and  10  cm.  (or  4  ins.)  long 
is  cleaned,  dried,  and  weighed,  and  the  silver,  in  thin  pieces  or  wire, 
placed  about  the  middle  and  the  tube  and  metal  again  weighed. 
The  tube  is  then  supported,  and  the  part  around  the  metal  strongly 
heated. 

Chlorine  gas  is  then  generated  in  a  flask,  such  as  a  distillation  flask 
with  a  side  tube,  from  a  few  grams  of  potassium  permanganate  and 
strong  hydrochloric  acid,  and  allowed  to  pass  over  the  silver  until 
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the  whole  melts  down  to  a  clear  liqaid,  no  more  metal  being  visible. 
It  is  then  cooled  and  weighed  again.  The  actual  operation  takes  but 
a  few  minutes  if  the  sti-eam  of  chlorine  is  moderately  strong,  but  some 
arrangement  must  be  made  to  absorb  or  remove  the  excess  of  chlorine 
unless  the  experiment  be  done  under  a  well-ventilated  fume  closet. 
The  form  of  tube  used  for  oxidising  lead  (Fig.  37)  will  also  answer 
to  hold  the  metal. 

This  experiment  may  also  be  performed  in  a  porcelain  crucible  if 
there  be  a  good  supply  of  chlorine,  the  lid  of  the  crucible  being 
slightly  lifted  to  allow  the  tube  leading  the  chlorine  to  enter  whilst   . 
the  crucible  is  being  strongly  heated. 

Examples  of  Interaction  or  Interchange,  or  Equivalent 
Replacement. 

Many  of  the  chemical  actions  and  processes  connected  with 
manufactures,  <fec.,  are  of  this  type — ^that  is,  elementary  substances 
acting  on  a  compound  or  compounds  undergoing  interchange  or 
redistribution  of  elements. 

Silver  forms  a  nitrate  of  the  composition  AgNOs.  This  on  contact 
with  a  chloride  gives  a  chloride  of  silver  as  one  product,  which  on 
account  of  its  stability  may  be  easily  isolated  or  retained  and  the 
other  products  removed.  For  instance,  silver  nitrate  and  ammonium 
chloride  when  heated  together  give  silver  chloride,  a  stable  substance 
under  a  wide  range  of  temperature,  and  ammonium  nitrate,  which 
easily  undergoes  internal  change  and  resolution  into  simpler  sub- 
stances, such  as  water  and  nitrogen. 

In  aqueous  solution  the  change  expressed  by  AgN03  +  NH^01= 
AgCl  +  NH^NOg  takes  place,  but  when  they  are  heated  together  all 
excepting  the  silver  chloride  is  volatilised. 

Weigh  a  porcelain  crucible  alone  and  then  with  a  few  crystals  of 
silver  nitrate.  Cover  these  crystals  with  about  twice  their  bulk  of 
ammonium  chloride.  Heat  the  crucible,  at  first  gently  and  then  more 
strongly,  over  a  Bunsen  flame  until  all  fumes  cease  to  appear  and  the 
product  has  melted  into  a  clear  mass. 

Example  (actual). 

Crucible 18-0600\  .^--^    .    ^^^ 

„       +  silver  nitrate      .         .         .  18'6772|  ^^^^  ^^^^^ 

After  heatinof  with  ammonium  chloride  18'57651    -,^e   .    ^ 

18O600}  "^^^^  ^^ 

The  change  from  silver  nitrate  =  170  to  silver  chloride  143*5 
demands  <)2'(^>2  chloride  from  0172  silver  nitrate,  so  that  in  this 
experiment  the  difference  is  •0067,  or  about  *!  per  cent.  loss. 

This  kind  of  action  takes  place  in  many  other  cases  besides  the 
one  here  mentioned.  The  student  should  prepare  some  metallic 
nitrates  by  the  action  of  nitric  acid  on  the  metal  or  oxide,  and  then 
convert  a  weighed  quantity  into  the  chloride  by  heating  with 
ammonium  chloride  (which  reacts  in  most  cases).  Where  the  chloride 
is  very  volatile  the  method  is  inapplicable. 
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[Calcium  or  lead  or  copper  will  give  good  resales,  and  moderate 
c>eratures  only  are  required. 

lAost  nitrates  also  decompose  and  leave  oxides  on  heating.  Several 
fc.'tes,  as  those  of  lead,  copper,  should  be  made,  and  weighed  quan- 
3  heated  to  redness  and  the  resulting  oxides  weighed, 
^n  easy  exercise  on  the  equivalence  between  oxygen  and  chlorine 
slorine  and  sulphuric  acid  is  to  weigh  a  few  grams  of  copper, 
>lve  in  dilute  nitric  acid,  evaporate  the  solution  to  dryneps,  and 
i«  carefully.  The  oxide  CuO  is  left.  After  weighing,  the  oxide 
ssolved  in  strong  hydrochloric  acid,  which  in  turn  is  evaporated 
Tully  to  complete  dryness  and  again  weighed.  This  will  give  the 
valence  of  Cl^  to  O.  The  chloride  is  now  moistened  with  a  little 
:3kg  sulphuric  acid,  and  again  evaporated  until  all  fume  of  hydro- 
c-ic  and  sulphuric  acids  ceases.  The  substance  will  now  be  the 
copper  sulphate  CuSO^.  It  should  be  nearly  white.  The 
-^r  chloride  may  also  be  converted  into  sulphate  by  heating 
ammonium  sulphate,  but  the  operation  requires  considerable 


.^[iples  of  Expulsion  of  an  Element  or  Group  of  Elements. 
Many  crystalline  salts  contain  water.  This  water  is  in  many 
3i  expelled  by  heating  the  salt  to  or  a  little  above  the  boiling- 
"ti  of  water.  Sometimes  a  red  heat  is  necessary  to  expel  the  whole 
kie  water.  This  high  temperature  can,  however,  only  be  applied 
>me  cases  where  no  further  decomposition  takes  place  excepting 
csrystal  water.  As  an  example  of  this,  sodium  phosphate,  or  borax 
>yNaj  +  1 2JI fi),  or  sodium  sulphate  may  be  taken.  Weigh  about 
^2*0  grms.  of  the  salt  in  a  small  dish  or  crucible,  heat  for  some 
*  in  a  hot-air  oven,  and  finally  over  the  blowpipe  to  complete 
:>n.  Care  must  be  taken  during  the  heating  that  the  substance 
I  not  spirt.  The  first  part  of  the  drying  should  always  be  done 
:3ie  hot- water  or  steam  oven.  The  dish  and  substance  is  finally 
Bd  in  a  desiccator  to  cool  before  weighing.  The  heating  must 
^peated  until  the  weight  becomes  constant. 
Vt  will  be  found  an  advantage  if  the  student  prepares  for  himself 
iinber  of  salts  with  water  of  crystallisation — or  constitution,  as  it 
K*med  in  some  cases— and  determines  this  water  by  heating  up  to 
krent  temperatures  in  an  air  bath. 

C/opper  sulphate  may  be  made  by  dissolving  the  oxide  in  hot  dilute 
liuric  acid,  or  the  metal  in  strong  hot  acid — in  the  lattsr  case 
:ft]g  equal  weights  of  copper  and  acid  in  a  fiask  of  about  half  a  litre 
icity,  the  copper  being  in  turnings  or  thin  pieces. 
C'umes  of  sulphur  dioxide  and  sulphuric  acid  are  evolved,  so  that 
«ught  closet  is  necessary, 
ifhe  reaction  may  be  expressed 

Cu  +  2H,S0,  =  CuSO,  +  2H,0  +  SO,. 
A  powder  of  indeterminate  colour  will  form  as  the  metal  dis- 
QB.   After  completely  cooling  water  is  to  be  added  and  the  contents 
he  flask  heated  to  boiling,  filtered,  and  whilst  cooling  be  stirred 
liat  small  crystals  form.     These  are  to  be  pump-filtered  ofi'  and 


„        +salt 18-8679 

After  heating  one  hour  at  100^  C.        .     17-88791  ) 
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itKTyKUiIliseil  in  a  Kimilnr  manner.  The  crystals  are  then  draine 
drie<1  by  pi'OHHing,  not  rubfmu^,  between  clean  filter  paper. 

Piii'cluu«e(l  coppi^r  sulphate,  or  any  other  salt,  should  be  pnrifi 
a  similar  manner  by  recrystallisation. 

As  traces  of  iron  are  not  so  easy  to  get  rid  of,  the  process  d 
tion  and  crystallising  should  l)e  repeated  at  least  three  times, 
mencing  with  -10  or  50  grms.  of  the  pure  commercial  salt.  ^ 
pressing  between  filter  papers  do  not  rub.  The  crystals  must  I 
tained  dry  by  this  means  only.  They  are  liable  to  lose  some  ci 
water  on  exposure  in  a  warm  place,  and  must  Ttol  be  placed 
desiccator. 

Example. 

Crystallised  copper  sulphate. 

Crucible 15*4775      13.3 

r« 

=  28-90  per  cent.  loss.  ^     0'2 

Again  heated  to  about  240''         .         .     17-6397] 
=  7*32  per  cent.  loss. 
Total  loss  =  30-22  per  cent. 

Calculated  for  CuSC\,  5H,0.     Crystal  water  =  36-14  per  « 
(See  later.) 

Nitrates^  chlorates,  carbonates,  and  other  salts,  when  heated 
to  a  moderately  high  temperature,  undergo  decomposition  of  a 
or  less  complex  nature.  In  some  cases  it  is  within  certain  ran 
temi>eraturo,  quite  sharp  and  definite,  admitting  of  employme 
an  exercise. 

POTASSIUM  CHLORATE  when  moderately  highly  heated  la 

its  oxygen,  becoming  KCl. 

As  a  quantitative  experiment  this  can  be  performed  in  a  we 
test-tube  if  only  a  small  quantity  of  the  salt  be  taken,  say  -2 
grm.  Weigh  the  clean  dry  test-tube,  introduce  the  dry  salti 
powder,  weigh  again.  Then  heat  very  gently  until  the  whole ( 
salt  is  melted  ;  keep  melted  for  some  time,  very  gradually  inert 
the  temperature  so  that  the  oxygen  does  not  come  off  too  ra; 
The  tube  is  best  inclined,  or  a  watch  glass  placed  with  conves 
down,  on  the  tube.  With  a  little  care  there  will  be  no  loss 
spii-ting.  Weigh  immediately  after  cooling  in  a  desiccator,  asthi 
absorbs  moisture  somewhat  rapidly.  A  little  tuft  of  asbestos 
placed  in  the  middle  of  the  test-tube,  and  weighed  as  pai-t  of  tb 
before  putting  in  the  salt,  will  effectually  stop  loss  by  the  spirts 
salt. 

CALCIUM  CARBONATE  (CaC03).— Weigh  out  in  a  platinn 
porcelain  crucible  about  .5  to  1*0  grm.  pure  Iceland  or  calc 
Heat  over  the  blowpipe  as  strongly  as  possible  for  thirty  mi 
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dI,  and  weigh  again.  Repeat  the  heating  and  weighing  until  a 
istant  weight  is  obtained. 

The   loss  in   weight  should   be  close  upon  44   per  cent.     For 
C03  =  CaO  +  CO,. 
30  56        44 

A  little  pure  cane  sugar,  which  need  not  be  weighed,  placed  in 
3  crucible,  assists  in  liberation  of  the  CO,.  The  crucible  must, 
wever,  be  left  partly  open,  to  burn  oft*  any  carbon  from  the 
gar. 

Many  other  carbonates,  as  those  of  copper,  lead,  manganese,  &c., 
sily  lose  carbon  dioxide  when  heated. 

Alkali  carbonates  heated  alone  do  not  give  off  the  whole  of  the 
>„  but  when  heated  with  acids,  or  acid  salts,  the  CO,  is  expelled. 

ipiUM  OR  POTASSIUM  CARBONATE,  and  an  acid  salt.— 
«igh  about  '5  grm.  of  dried  sodium  carbonate  into  a  moderate  sized 
icible.  Cover  it  with  at  least  five  times  as  much  potassium  di- 
romate  that  has  been  melted  and  then  pounded  up  finely.  Weigh 
•in.  The  difference  gives  amount  of  sodium  carbonate  and 
tassium  dichromate.  Now  heat  gently  over  a  Bunsen  burner 
Ltil  the  whole  is  in  quiet  fusion.  Continue  the  heating  for  fully 
'enty  minutes ;  cool  and  weigh.  Heat  again  for  a  few  minutes  care- 
Uy  over  the  blowpipe.     The  weight  should  bo  constant. 

The  reaction  taking  place,  if  the  temperature  has  not  been  too 
gb,  is— . 

K,Cr A  +  Na,C03  =  CO,  +  {I^^S 

Silica,  SiO,,  may  be  used  for  this  experiment,  instead  of  dichro- 
Ate,  if  it  can  be  obtained  in  a  fine  powder. 

The  process  is  then  similar — viz.,  weigh  the  crucible  and  SiO^ 
king  a  considerable  excess  of  SiO,.  Then  add  and  weigh  about  -5 
ta.  of  the  carbonate.  Mix  carefully  by  means  of  a  platinum  wire  in 
•  crucible,  place  on  the  lid  and  heat,  gently  at  first,  finally  over  the 
>wpipe  flame  as  high  as  possible  for  twenty  minutes.  The  loss  of 
«i?ht  should  be  CO,  only,  according  to  the  equation  :  K^COg  +  SiO^ 
Ki^iOg  +  CO,.  A  gas-heated  muffle  is  somewhat  better  for  many 
these  experiments  than  a  blowpipe  flame. 

Kitrates  when  heated  alone  are  either  decomposed  into  oxides  of  • 
i*ogen  and  a  metallic  oxide  or  in  some  cases  free  nitrogen  and 
^en  are  given  off.     When  heated  with  sulphuric  acid  sulphates 
formed,  and  with  silica  silicates. 

The  alkali  nitrates  are  easily  decomposed  by  heating  with  silica. 
Igh  out  in  a  crucible  about  5  grms.  of  fine  sand  (as  with  the  car- 
ates),  then  mix  with  this,  by  means  of  a  wire,  about  '5  grm.  of 
issium  nitrate;  weigh,  and  then  heat  in  the  covered  crucible  very 
if  uliy  to  redness.  Keep  red  hot  for  fifteen  or  twenty  minutes,  and 
a  heat  a  little  stronger  over  the  blowpipe  for  a  few  minutes  only. 

4(KN0,)  -H  2Si02  =  2X28103  -h  2N2  +  50.,. 


62 


A  COURSE  OF  PRACTICAL  CHEMISTRY. 


Example  (actual). 

Potassium  nitrate  and  silica. 
Crucible  and  sand,  SiO^ 

„   +KNO3 

Nitrate  taken 


Weight  after  heating 
Loss 


31-43G2 
32-3534 

Q'9172 

31-8615 
•4919 


Loss  per  cent.  =  53*52=^  all  the  nitrogen  and  five-sixths  of  the 
oxygen. 

According  to  the  equation  4(KN03)  +  2Si02  =  KaSiOg  +  2N2  +  50^ 
the  loss  in  weight  should  be  53*40  per  cent. 

Nitrates,  carbonates,  haloid  salts,  &c.,  are  all  easily  decomposed 
by  strong  hot  sulphuric  acid,  and  as  sulphates  are,  as  a  rule,  verj 


J,  or] 


Fig.  38. 

stable  against  a  high  temperature,  many  examples  of  displacement 
may  be  studied.  They  require,  however,  somewhat  more  care  with 
sulphuric  acid  than  with  SiO^  and  similar  non-volatile  agents. 

CHLORINE  in  common  salt,  IODINE  in  potassium  iodide, 
NgOg  in  nitre,  can  all  be  expelled  by  heating  with  strong  H^^  «. 
slight  excess.  Similarly  with  a  large  number  of  salts  of  other  metalfl. 
A  platinum  crucible  is  most  convenient  for  this,  but  with  care  it  mi/ 
be  performed  eqiially  well  in  an  ordinary  porcelain  one.  Weight 
crucible,  place  in  it  a  small  quantity  of  the  salt,  and  weigh  again.  II 
the  quantity  taken  is  more  than  1  grm.  throw  some  out;  if  under *5 
a  little  more  may  be  taken.  After  one  or  two  trials  the  amount  takfli 
will  approximate  to  1  grm.  Arrange  the  crucible  on  a  trianids 
as  in  Fig.  38,  and  wedge  the  lid  edgewise  in  the  opening.  Drop 
gently  not  more  than  ten  drops  of  concentrated  sulphuric  acid  inW 
the  crucible,  wait  until  the  effervescence  has  almost  ceased,  then  dImi 
a  very  small  flame  under  the  protruding  part  of  lid,  so  thatadraogkt 
of  heated  gases  flows  over  the  contents  of  the  crucible.  The  ero* 
poi alien  of  the  excess  of  sulphuric  and  of  the  volatile  acid  liberate! 
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takes  place  gradually  and  without  spirting.  When  the  contents  of 
the  crucible  appear  quite  dry  turn  up  a  larger  flame,  and  finally  heat 
quickly  to  redness.  It  is  generally  necessary  and  always  advisable 
to  add  an  additional  quantity  of  the  acid  and  treat  as  before,  in  order 
to  be  sure  that  all  is  converted  into  the  sulphate. 

This  action  of  sulphuric  acid  can  be  studied  in  connection  with — 

AN  INVESTIGATION  OF  COMMON  SALT.— Ordinary  common 
salt  is  not  quite  pure.  It  is  soluble  in  cold  water,  and  slightly  more 
so  in  boiliug  water. 

Dissolve  as  much  salt  as  possible  in  about  a  litre  of  boiling  water. 
Filter  the  liquid  whilst  boiling  hot,  cool  rapidly  by  immersing  the 
beaker  in  cold  water,  and  stir  vigorously  so  that  the  crystals  formed 
will  be  small.  They  then  can  be  filtered  off,  preferably  on  a  pump 
filter,  and  most  of  the  impurities  remaining  in  solution  can  be  drained 
off.  (It  is  somewhat  better  to  add  a  little  concentrated  hydrochloric 
acid  to  the  hot  salt  solution  or  lead  in  gaseous  hydrochloric  acid. 
More  salt  will  then  crystallise  out,  and  ordinary  impurities  are  better 
held  in  solution.) 

The  salt  crystals  may  be  dried  and  then  melted  by  heating,  in  a 
crucible,  either  over  a  good  Bunsen  flame  or  in  an  ordinary  fire.  The 
substance  crystallises  as  it  sets  and  slowly  falls  in  pieces  in  cooling. 
If  melted  and  poured  into  a  mould  an  idea  of  the  change  of  voluiae 
on  solidification  may  be  obtained. 

The  specific  gravity  of  a  saturated  solution  of  the  purified  salt 
should  be  taken  at  some  definite  temperature,  say  15°  C,  and  com- 
pared with  pure  water  at  the  same  temperature.  The  saturated 
solution  is  easiest  made  by  allowing  a  considerable  quantity  of  salt 
to  stand,  with  less  than  suflScient  water  to  dissolve  it,  over  night, 
or  shake  it  frequently  during  a  few  hours.  A  Sprengel  tube  is  most 
convenient  for  the  sp.  gr.  determination,  but  the  usual  sp.  gr.  bottle 
may  be  employed  ;  also  a  few  (20  or  50)  cubic  centimetres  may  be 
measured  out  into  a  weighed  flask  and  the  weight  compared  with 
that  of  the  same  volume  of  water  at  the  same  temperature. 

A  small  quantity  (see  above)  of  the  fused  salt  should  be  weighed 
for  treatment  with  sulphuric  acid. 

The  substance  finally  left  in  the  crucible  is  sodium  sulphate,  and 
the  values  obtained  should  agree  substantially  with  the  equation 
2NaCl  +  H,SO^  =  Na2SO^  +  2HCl;  that  is,  the  amount  of  salt  taken 
and  the  amount  of  sodium  sulphate  obtained  should  be  as  117  to  142. 
Betain  this  for  further  investigation. 

A  larger  quantity  of  salt  may  then  be  used  for  the  formation  of 
hydrochloric  acid  gas  (see  later).  The  residue  is  sodium  hydrogen 
sulphate — an  acid  salt.  It  dissolves  in  boiling  water  pretty  freely, 
and  on  cooling  and  stirring  the  solution  crystals  consisting  of  NaHSO^ 
are  obtained.  The  reaction  at  the  temperatures  employable  in 
glass  vessels  is  NaCl  +  H,SO,  =  NaHSO,  +  HCl. 

Chlorine  in  Salt  by  Precipitation  with  Silver  Nitrate. 

Place  a  few  grams  of  the  pure  salt  in  a  small  tube  or  weighing 
bottle.     Weigh  thip,  then  shake  out  carefully  not  more  than  '5  grm. 
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into  a  beaker  and  weigh  the  bottle  again.  Dissolve  the  weighed 
salt  in  about  25  e.c.  hot  water  with  1  c.c.  of  dilute  nitric  add,  heat 
until  boiling,  and  add  slowly  a  solution  of  silver  nitrate  until  the  white 
precipitate  ceases  to  form.  Then  add  a  couple  of  c.c.  more  silver 
nitrate  solution.  (This  addition  is  known  as  an  **  excess,"  and  is  to 
make  quite  sure  that  the  reaction  is  completed.) 

Keep  warm,  but  not  exactly  boiling,  for  a  few  minutes,  during 


Fig.  39. 

which  a  filter  paper  (either  plain  or  folded)  is  got  ready — ^viz,,  placed 
in  the  funnel  and  wetted  with  hot  water. 

The  folded  or  plaited  filter  papers  may  be  employed  for  this  work, 
as  with  care  they  filter  more  rapidly  than  the  ordinary  method  of 
folding  and  with  equal  certainty  of  securing  the  whole  of  the  pre- 
cipitate on  the  paper.  The  paper  must  sit  well  within  the  glass 
funnel. 

The  precipitate  settles  rapidly.  Pour  off  the  liquid  above  the 
precipitate  into  the  filter.  To  do  this  properly  and  safely,  because 
ALL  must  go  through,  requires  that  the  liquid  should  be  poui-ed 
from  the  beaker  down  a  glass  rod,  which  should  be  held  in  the 
left  hand  with  one  end  over  and  well  towards  but  not  touching 
the  centre  of  the  paper  funnel  or  cone,  and  inclined  at  an  angle 
(see  Fig.  39).  * 
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Every  visible  particle  of  the  precipitate  must  be  detached  from 
the  beaker  and  washed  by  a  fine  jet  of  water,  from  the  '*  wash-bottle," 
into  the  filter.  The  precipitate  must  then  be  washed  by  pouring  hot 
water  five  or  six  times  over  the  precipitate  and  allowing  to  drain 
away  between  each  addition.  It  is  scarcely  necessary  to  say  that  the 
filtrates  must  in  all  cases  be  absolutely  crystal  clear  and  all  the  pre- 
cipitate be  retained  by  the  paper. 

The  test  for  complete  washing  is  when  a  few  drops  of  the  wash- 
water  give  no  appreciable  residue  when  evaporated  on  a  piece  of 
glass,  or  a  porcelain  dish. 

The  precipitate  may  now  be  dried  by  placing  the  glass  funnel 
and  filter  in  a  drying  oven,  or  in  a  dry  clean  place  if  time  be  no 
object. 

ISome  precipitates  do  not  need  to  be  dried  in  the  paper,  but  may 
be  heated  up  or  burnt  with  the  filter  paper  (see  later),  where  this 
treatment  has  no  decomposing  effect. 

The  drying  can  sometimes  be  much  facilitated  by  a  final  washing 
with  warm  methylated  spirit.  If  the  washing  has  been  complete, 
the  precipitate  will  detach  almost  completely  from  the  paper  when 
dry.  "Weigh  a  porcelain  crucible  during  the  drying  of  the  precipi- 
tate. Spread  a  piece  of  clean  writing-paper;  on  this  place  the 
weighed  crucible ;  detach,  by  gently  rubbing  the  paper  together,  the 
precipitate  from  the  paper,  dropping  it  into  the  crucible.  Sweep 
any  particles  falling  on  the  writing-paper  into  the  crucible  with  a 
small  dry  cameVs-hair  brush,  or  a  quill  feather.  This  needs  care,  and 
nothing  else  should  be  thought  about  whilst  doing  it,  as  all  the 
particles  from  the  paper  must  come  into  the  crucible. 

The  paper,  from  which  nearly  all  the  precipitate  has  been  re- 
moved, must  now  be  burnt  in  such  manner  that  all  the  ash  and  any 
adhering  precipitate  are  collected.  Have  the  paper  folded  so  as  to 
form  a  semicircle,  and  double,  of  course.  Then  fold  up  into  a  strip 
about  a  centimetre,  or  J  inch,  wide.  Now  start  at  one  end,  and 
roll  up  tightly  into  a  coil,  and  around  this  wind  several  folds  of 
platinum  wire. 

Hold  over  the  crucible,  or,  better,  invert  the  lid  over  the  crucible, 
and  hold  the  paper  over  this,  and  start  burning  by  bringing  a  Bunsen 
flame  to  it  as  it  is  held.  The  paper  will  burn  first  with  flame,  and 
then  smoulder  until  all  the  black  carbon  is  consumed,  and  a  greyish 
ash  remains  of  the  same  shape,  but  much  smaller  than  the  original 
roll  of  paper.  (See  Fig.  40.)  All  the  carbon  of  the  paper  must  be 
consumed.  At  this  stage  it  should  be  dropped  into  the  crucible 
itself.  (For  ordinary  accurate  work,  the  amount  of  ash  given  by  any 
sample  of  filtering  paper  must  be  ascertained.*) 

*  Ash  in  Filter  Papers. — The  mineral  matters  in  ash  of  filter  papers  is  an 
almost  constant  quantity,  and  is  generally  ascertained  once  for  all  when  com- 
meneing  to  use  filter  paper  for  quantitative  purposes. 

The  best  plan  is  to  take  several — half  a  dozen — filter  papers,  place  them  in 
a  weighed  crucible,  either  porcelain  or  platinum,  put  on  the  lid,  and  heat  up 
until  combustible  gases  escape.  When  the  gases  cease  to  escape  and  burn, 
bnt  not  before,  take  off  the  lid,  and  allow  to  smoulder  away  with  the  flame 
under,  until  every  visible  particle  of  charcoal  has  disappeared.     Close,  cool, 
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The  crucible,  now  containing  the  precipitate  and  what  adhered  to 
the  paper,  and  the  paper  ash,  is  placed  on  the  pipe-clay  triangle  and 
heated  with  the  Biinsen  flame  to  redness.  In  this  particular  case  it 
is  necessary  to  make  sure  that  the  substance  dealt  with  is  aU  silver 
chloride.  The  filter  paper  holds  a  little,  and  during  the  burning 
this  may  become  silver.  It  can  be  converted  into  the  chloride  in 
several  ways — by  blowing  a  little  chlorine  gas  into  the  crucible,  or 
by  putting  07ie  drop  of  nitric  acid  on  the  ash,  allowing  to  stand  for 


Fig.  40. 

five  minutes,  and  then  adding  a  ve7'i/  small  quantity  of  ammonium 
chloride  before  heating  over  the  flame. 

The  crucible  and  chloride  is  now  weighed,  and  the  amount  of 
chlorine  in  the  salt  taken  calcuhited  from  the  formula  AgOl  =  108 
+  35-5. 

and  weigh.  Divide  the  weight  found  by  the  number  of  filters  taken,  which 
gives  the  weight  (nearly)  of  one  filter.  This  weight  is  dedacted  from  that  of 
any  precipitate  which  has  been  burnt  with  a  filter  paper. 

Example. 

Platinum  crucible  and  five  filter  papers. 

Crucible 20-1635 

Crucible  and  ash 20*1672 

•0037/5 

gives  '0007  as  the  ash  in  a  No.  0  Swedish  paper.  This  is  a  small  paper.  The 
ash  of  the  usual  size  to  fill  a  3- inch  diameter  funnel  weighs  about  'OOiB. 

Filter  papers  must  always  he  smaller^  when  folded,  than  the  glass  funnel,  so 
that  in  washing  the  liquid  can,  if  necessary,  cover  the  top  edge  of  the  papw, 
and  thus  completely  wash  out  any  soluble  salts. 
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The  filtrate  from  the  silver  chloride  contains  sodium  nitrate  and 
the  excess  of  silver  nitrate  added.  It  should  be  all  evaporated  down 
in  a  porcelain  or  nickel  or  iron  dish.  If  when  nearly  dry  some  iron 
filings  be  added  and  the  whole  then  dried  and  heated  to  redness,  the 
nitrate  will  be  decomposed  and  sodium  oxide,  or  hydroxide,  left. 
On  treating  with  water  this  will  dissolve  and  give  a  very  alkaline 
solution.     (See  "  Alkali,  Volumetric") 

(It  is  possible,  with  careful  work,  to  obtain  the  whole  of  the 
sodium  originally  present  in  the  common  salt  and  measure  its  amount 
by  "  standard  '•  sulphuric  acid  solution.) 

The  sodium  sulphate,  as  obtained  by  the  action  of  sulphuric 
acid  on  salt,  may  now  be  examined.  Place  the  crucible  in  a  moderate- 
sized  beaker  (say  500  c.c.  capacity),  add  about  50  c.c.  hot  water,  boil, 
and  filter  into  a  similar  clean  beaker.  Kepeat  the  boiling  with  water 
at  least  three  times,  passing  all  the  liq  uid  through  the  same  filter.  The 
volume  will  now  be  200-250  c.c.  Heat  to  boiling,  and  add  very 
slowly  a  solution  of  barium  nitrate  (or  chloride)  and  maintain  in 
ebullition  for  fifteen  or  twenty  minutes.  The  addition  of  1  c.c.  dilute 
nitric  (or  hydrochloric)  acid  is  desirable.  A  white  precipitate  of 
barium  sulphate  will  form.  This  substance  is  quite  insoluble  in  dilute 
acids  and  ordinary  pure  water.  It  is  a  very  fine  powder,  and  requires 
some  care  in  filtering.  It  must  be  washed  very  thoroughly,  with 
boiling  water,  out  of  the  beaker  on  to  the  filter  paper. 

To  assist  in  detaching  precipitates  from  the  sides  of  beakers,  &c.,  a 
glass  rod,  over  the  end  of  which  a  short  piece  of  rubber  tubing  is 
tightly  fixed,  is  very  useful. 

Combined  rubbing  and  the  impact  of  the  jet  of  water  from  the 
wash-flask  will  detach  most  solids  from  the  glass  surfaces. 

If  the  washing  be  commenced  with  hot  water  it  must  be  con- 
tinued with  the  same.  Cold  water  after  hot  will  often  carry  some 
precipitate  through  owing  to  shrinkage  of  the  paper  fibre  and 
enlargement  of  the  pores. 

The  paper  containing  the  barium  sulphate  may  now  be  placed, 
carefully  of  course,  in  a  weighed  platinum  or  porcelain  crucible,  and 
at  once  heated,  either  over  a  good  Bunsen  flame  or  in  a  muffle.  The 
material  of  the  paper  will  give  oif  some  inflammable  gases  and  the 
adhering  water  will  evaporate,  but  there  will  be  no  spirting  if  the 
heat  be  strong  enough,  as  the  water  will  assume  the  spheroidal 
state  and  quietly  evaporate.  The  crucible  may  be  closed  with  lid  or 
not.  After  heating  to  full  redness  for  twenty  minutes  the  material  in 
the  crucible  should  be  white.  If  black  from  the  presence  of  charcoal 
it  must  again  be  heated  in  air  until  white.  As  all  sulphates  suffer 
a  decomposition  when  heated  in  contact  with  carbonaceous  substances 
a  further  precaution  is  necessary.  To  the  contents  of  the  crucible, 
after  cooling,  three  or  four  drops  of  strong  sulphuric  acid  are  added, 
and  the  crucible^  closed  with  its  lid,  again  heated  to  redness,  cooled, 
and  weighed. 

Assuming  that  the  residue  from  heating  salt  with  sulphuric 
acid  was  sodium  sulphate,  the  reaction  with  the  barium  salt  is 
shown  by 
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Xa,SO,    4-     li»iN,<)..    =     BaSO,    +    2(NaNO,). 
B<innm  sulphate  Sodium  nitrate 
(insoluble)  (soluble) 

When  sulphates,  as  this  one  of  barium,  are  heated  with  carlx)n  the 

reaction  BaSO^  +  4C  =  4C0  +  BaS  is  possible  at  certain  temperatures. 

This  kind  of  action  is  known  as  **  reduction." 

The  sulphides  produced  are  in  some  cases  soluble  in  water.    They 

are  all  decomposed  by  sulphuric  acid,  a  sulphate  and  sulphide  of 

hydrogen  being  produced.     Thus,  BaS  -\-  H,SO^ -  BaSO^  +  H,S. 

The  reason  for  the  addition  of  sulphuric 
acid  to  the  barium  sulphate  in  the  experi- 
ment just  mentioned  will  now  be  evident. 

Although  neither  sodium  nor  chlorine 
have  in  these  experiments  been  directly  ob- 
tained from  the  salt,  the  compounds  silver 
chloride  and  sodium  sulphate  indicate  their 
presence. 

The  most  direct  method  of  decomposi- 
tion of  salt  is  by  electrolysis  of  the  melted 
substance.  This  can  be  done  on  a  small 
scale  sufficiently  well  to  see  but  not  to  col- 
lect the  products. 

Salt  is  melted  in  an  ordinary  small 
[X)rcelain  crucible  or  dish  (this  requires  a 
very  good  Bunsen  burner  or  a  gentle  blow- 
pipe flame).  It  is  not  advisable  to  use  a 
platinum  crucible.  Attach  pieces  of  very 
thin  (round  or  square  section)  gas  carbons 
by  means  of  copper  wire  leads  to  the  ter- 
minals of  three  or  four  cells  (any  kind,  so 
that  4  to  8  volts  are  available). 

If  gas  carbon  cannot  be  obtained  thin 
pieces  of  charcoal  that  has  been  soaked  in  salt  solution  and  then 
dried  will  do. 

The  carbons  are  fitted  in  the  tubes,  as  in  Fig.  41 .  These  tubes  are 
the  necks  of  broken  distillation  flasks.  The  side  tubes  serve  the 
purpose  of  allowing  the  gas  produced — in  this  case  chlorine — to  be 
smelt  and  tested  with  moistened  litmus  paper,  which  will  be  rapidly 
bleached.  At  the  other  terminal  tiny  globules  of  melted  sodium 
will  appear,  and  probably  burn  as  soon  as  they  come  in  contact  with 
the  air. 

After  running  for  a  few  minutes  it  may  be  possible  to  obtain  an 
alkaline  reaction,  showing  sodium  hydroxide,  if  the  negative  terminal 
be  removed,  cooled,  and  placed  in  a  little  water. 

A  strong  solution  of  salt  may  be  similarly  electrolysed.  In  this 
case  the  action  is  not  so  simple,  as  water  takes  part  in  the  action. 
The  first  stage  is  probably  similar  to  that  in  the  melted  salt,  and 
then  the  **  ions "  or  liberated  particles  start  exchanges  with  the 
water.     If  the  same  rods  and  tubes  be  used,  chlorine  gas  will  be 


Fig.  41. 
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found  to  escape  again  from  the  +  end  and  hydrogen  from 
the  -  .  This  hydrogen  is  produced  by  the  reaction  Na,  +  '2HjO 
=  2NaOH  +  H,. 

Other  products  can  also  be  obtained  (see  later)  if  the  chlorine 
instead  of  being  allowed  to  escape  be  mlxeil  with  the  solution  by 
some  stirring  airangement.  If  the  ''electrolysis  ''  be  conducted  in 
a  hot  solution  a  chlorate  is  formed. 

PRECIPITATIONS  FROM  SOLUTION.— When  one  sulis^tance  is 
precipitated  from  a  solution  by  another  several  additional  operations 
are  necessary  before  it  can  be  weighe<l.  One  of  the  simplest  examples 
is  the  precipitation  of  a  metal,  as  oxide  or  hydroxide  or  carbonate, 
and  final  conversion  of  this  by  heating  into  pure  or  anhydrous  oxide 
of  definite  composition.  Oxides  are  generally  ^see  ante)  cajjable  of 
withstanding  a  high  temperature  without  change,  and  the  advantages 
of  this  are  that  they  may  be  obtained  alinolutely  free  from  moisture, 
and  that  any  volatile  matters  which  may  by  accident  Vie  present  are 
driven  off  during  heating. 

Many  of  the  heavier  metals  can  be  precipitated  as  hydroxides 
from  solutions  of  their  salts  by  means  of  the  alkali  hydroxides  KHO 
or  NaHO.  There  are  exceptional  cases  where  thes-e  hydroxides  cannot 
be  used  owing  to  the  formation  of  soluble  compounds.  Tii  us  sodium 
hydroxide  cannot  be  used  with  zinc  or  aluminium  or  lead.  Ammonia, 
also,  or  ammonium  hydroxide,  cannot  Ije  employed  in  gome  other  case>>, 
such  as  with  copper,  cobalt,  nickel,  zinc,  for  the  .same  reasr^ns.  It  u 
even  necessary  in  the  cases  mentioned  to  remove  all  ammonium  salts, 
and  precipitate  with  sodium  or  potassium  hydroxide  or  carbonate. 
The  carbonates  are  more  generally  applicable  than  the  hwlroxide?, 
zinc  and  aluminium  oxides  dissolving,  for  instance,  in  .-odium  or 
potassium  hydroxides. 

Copper  Precipitated  as  Hydroxide  from  the  Sulphate. 
Example  (aetoal). 

(Part  of  complete  analysis ;  tsee  water  in  :*ame,  ante,  p  >)".) 

Weighing  bottle  +  copper  a ulphate  =  :;o  0:^*1'* 

„     -      „  „      -  -'^'^T 

Amount  of  salt  taken  -^     l-;^*jlu 

Dissolved  in  hot  water  in  beaker  (Ion  c.c),  heated  nearly  to  boilir.g. 
and  added,  in  very  slight  exce^a  and  fiVmluaWy,  pota.s.sium  hydroxide 
solution.  (The  KUO  is  added  in  c.c.-:.  at  u  time,  and  the  piecipitate 
allowed  to  settle  between  each  addition.  It  mu.-.t  >>.-  kept  nearly  at 
ItHJ'  daring  the  precipitation  and  filtration.)  iJoiled  for  ten  minutes, 
allowed  black  precipitate  to  .subside,  and  tilt»-re«l 'quickly  thro viju'h  folded 
filter  paper.  Washed  until  wa.sh-water  no  longer  gave  an  jilkaline 
reaction  to  red  litmus  paper.*     Dried  precipitiit*.-,  in  funnel,  in  oven. 

*  TiHf  much  wasliiDg  can  sztrcvly  be  ::iven  m  anv  ca-re.  ^Li^rill  ': -laiitities 
of  hot  water  sererat  times  reijesiten  is  ri-ore  effectivo  than  one  large  co-e. 
There  is  no  object,  however,  in  continuing  tLe  v/a-shir^  after  the  /<  "v  ■'"•'( 
has  bvec  compl^tefif  remorerf. 
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Detached  from  paper ;  burnt  paper  and  heated  crucible,  with  preci- 
pitate, and  ash  in  the  muffle  for  thirty  minutes. 

(Or  the  precipitate  may  be  placed,  damp,  in  the  crucible,  and  this 
at  once  heated  over  a  good  Bunsen  flame  with  free  access  of  air  until 
of  constant  weiyht,) 

Porcelain  crucible  +  CuO  and  ash  -»  15*91571 .  lor^o 

ash  -        OOVd]  ^"^^ 

•4:5n9  x  lou      ...  ..^  i.  r.  r% 
=  .U'b6  per  cent.  CuO, 

or  =  '2o"J:i  per  cent.  Cu. 
The  cilculated  amount  in  CuSO,  5H,0  =  25-3o. 

The  sulphuric  acid  portion  of  the  copper  sulphate  should  now  be 
precipitated  in  the  manner  mentioned  under  the  experiments  with 
common  salt.  Not  more  than  3  grms.  of  the  crystals  of  copper  sul- 
phate are  dissolved  in  about  200  c.c.  of  hot  water,  to  which  2  or  3  c.c. 
of  dilute  hydrochloric  acid  have  been  added.  The  contents  of  beaker 
are  then  heated  to  actual  boiling,  and  barium  chloride  solution  added 
slowly  until  all  precipitation  ceases.  It  is  then  allowed  to  stand 
until  the  white  sulphate  subsides,  filtered,  and  thoroughly  washed 
with  hot  water,  ignited,  and  treated  as  in  the  previous  eicample  (ante^ 
p.  07). 

Example  (actual). 

(Part  of  complete  analysis  of  copper  sulphate.) 

iJottle  and  copper  suli^hate  .     23'50'20         Barium  sulphate  and  \  _9f.«Qoi 
„  ,.  .      21  -WiO  ash  and  cracible      ^  -  ^^  ^^^^ 

Copper  sulphate .        .  ^     -0090         ^^^^^^^      -        •         •    =  ^^'^l^J, 

Asn     .         .         .         .    =       'OOoO 

1-8797 

=  32  05  per  cent.  SO3. 

Values  for  three  items  of  the  copper  salt — viz.,  water,  copper  (or 
copper  oxide),  and  SO^  or  8O3 — will  now  have  been  obtained.  From 
them  a  formula  may  be  constructed  as  in  cases  previously  mentioned 
— viz.,  dividing  each  percentage  by  the  molecular  or  atomic  weights. 

Complete  Results  for  Crystals  of  Copper  Sulphate. 

Water  at  100"  .         .         .  28-1)0  i....^ 

240°  .         .         .        7-32)'^^^- 

Copper  oxide  .  .         .  31-(>() 

SO3 32-i)5 

i)l)-y3 

lioad  may  be  precipitated  with  a  mixture  of  ammonium  carbonate 
and  hydroxide  and  the  precipitate  obtained,  a  mixture  of  the  hy- 
droxide and(urbonate  of  lead,  after  washing,  drying,  and  separation 
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from  the  paper,  heated  to  low  redness,  when  it  becomes  lead  oxide, 
PbO. 

For  this  exercise  it  is  perhaps  better  to  commence  with  pure 
metallic  lead  instead  of  a  lead  salt ;  and  the  same  remark  applies,  of 
course,  to  some  other  metals  besides  lead. 

A  convenient  lead  salt  is  the  nitrate.  It  is  easily  formed  by  the 
action  of  hot  dilute  nitric  acid  on  the  metal,  and  is  purified  by  several 
crystallisations  from  hot  water. 

The  nitrate  gives  also  the  oxide  when  strongly  heated  in  a 
porcelain  crucible. 

Example  (actual). 

Assay  lead  and  watch  glass  =  82*560 

Glass  alone         .       =  31-320  ;  lead  taken,  1-240. 

Dissolved  in  hot  dilute  nitric  acid,  precipitated  with  ammonium  car- 
bonate, with  a  little  ammonia,  as  above  detailed. 

Porcelain  crucible  .         .21*630 

Crucible  and  precipitate    22*968  =  1*338  lead  oxide,  PbO. 

Lead  is  one  of  the  few  metals  giving  a  sulphate  of  sufficiently 
insoluble  character  to  be  employed  as  a  method  of  precipitation  or 
separation. 

Weigh  from  '8  to  not  much  more  than  '6  grm.  lead  nitrate,  or  a 

corresponding  amount  of  metal,  dissolve  in  as  small  a  quantity  of 

hot  water  as  possible  (20  to  25  c.c).     Keep  warm,  and  add  normal 

HjSO^  in  slight  excess.     (PbSO^  dissolves  in  very  strong  and  in  very 

dilute  HgSO^  but  is  almost  insoluble  in  acid  of  normal  strength.) 

Then   add  about  the  same  volume  of   alcohol  (methylated   spirit). 

Allow  to  stand  for  some  hours  in  a  warm  place,  covered  of  course, 

and  then  pour  the  dear  liquid  through  the  filter,  afterwards  washing 

the  PbSO^  on  to  the  paper  with  alcohol  from  a  small  wash-bottle  and 

fine  jet.     The  precipitate  must  be  washed  with  alcohol  until  no  acid 

reaction  is  given  by  the  filtrate.     Place  the  funnel  and  precipitate  in 

drying  oven.    "Weigh  a  porcelain  crucible.    Detach  the  dry  sulphate 

from  the  paper  into  crucible,  roll  up  and  burn  the  paper  thoroughly 

in  the  wire,  di*op  the  ash  into  the  crucible,  and  ignite  gently  either 

over  the  flame  or  for  a  short  time  in  the  muflOie.     Cool  and  weigh,  and 

then  moisten  with  one  drop  of  H^SO^  (strong),  and  replace  in  muftle. 

Oool  and  weigh  again. 

It  will  be  necessary  to  add  a  few  drops  of  acid,  nitric  or  acetic, 
^ben  dissolving  many  of  the  salts  of  heavy  metals  in  water,  or  a 
dear  solution  will  not  be  obtained,  owing  to  hydrolysis. 

This  action  is  particularly  striking  with  bismuth  (see  later). 
Sulphates  of  the  metals  zinc,  iron,  nickel,  manganese  should  be 
1*^6  by  dissolving  the  respective  metals,  or  oxides  or  carbonates,  in 
tbe  add,  and  the  compounds  purified  by  several  crystallisations  from 
hot  concentrated  solutions. 

Most  of  these  sulphates  form  double  salts  with  the  alkali  sulphates, 
^liich   crystallise   better  than   the   simple   salts.      Iron   sulphate. 
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for  instance,  forms  with  ammonium  sulphate  a  very  chai-acteristic 
double  salt  known  as  ferrous  ammonium  sulphate.  Iron,  in  its 
higher  stage  of  excitation,  aluminium,  and  chromium  form  with  the 
alkali  sulphates  a  veiy  striking  set  of  salts  known  as  alums.  These 
compounds  ciystallise  practicailly  in  the  same  form,  and  have  a 
similfiu*  composition.  Common  alum  is  represented  by  the  formula 
Al,3SO^,K2SO^,24H,0 ;  and  the  aluminium  and  alkali  metal  are 
replaceable  by  iron  and  chromium  and  the  alkali  metals  (includ- 
ing ammonia)  respectively,  the  resulting  alums  having  the  same 
general  type  of  crystal,  with  but  a  small,  regular  variation  in  cer- 
tain* faces,  depending  on  the  replacing  metal.  They  are  said  to  be 
isomorphous. 

All  these  sulphates,  whether  single  or  double,  contain  water  of 
crystallisation,  which  may  be  expelled  by  heating,  leaving  the  anhy- 
drous salt.  Some  precautions  are  necessary  in  each  case,  as  when 
very  strongly  heated  the  sulphates  are  also  decomposed,  leaving 
oxides.  The  addition  of  concentrated  sulphuric  acid  to  the  strong 
solution  of  a  sulphate,  or  to  the  crystals  containing  water,  will  also 
leave  an  anhydrous  salt. 

Zhic  can  be  precipitated  from  solutions  not  containing  ammonium 
salts  by  sodium  carbonate  as  a  basic  zinc  carbonate — that  is,  a  car- 
bonate containing  some  zinc  hydroxide. 

In  the  presence  of  ammonium  salts,  and  for  separation  from  some 
metals,  zinc  is  precipitated  from  hot  solutions  by  sulphuretted  hydro- 
gen or  an  alkali  sulphide,  the  sulphide,  after  filtering  and  washing, 
being  dissolved  in  an  acid,  as  HNO3,  ^^^  then  precipitated  by  sodium 
carbonate.  Take  not  more  than  1  grm.  of  the  sulphate,  dissolve  in 
250  c.c.  water,  heat  to  boiling,  and  add  sodium  carbonate  solution  in 
slight  excess.  Keep  hot  until  the  precipitate  settles,  filter,  and  wash 
with  hot  water  until  the  washings  are  neutral  to  litmus. 

A  final  washing  with  spirit  facilitates  drying,  but  the  precipitate 
on  the  paper  may  be  placed  in  a  porcelain  crucible  and  directly 
heated,  taking  care  that  air  has  free  access. 

There  is  some  danger  of  zinc  oxide  being  reduced  by  the  material 
of  the  filter  paper,  and  as  the  metal  is  volatile  at  quite  moderate 
temperatures  loss  may  occur. 

The  residue  after  heating  is  zinc  oxide,  ZuO,  which  is  quite 
infusible  and  non-volatile. 

Ordinary  metallic  zinc  is  too  impure  to  take  directly  as  an  exercise, 
and  this  applies  to  other  metals,  as  iron  or  aluminium. 

Zinc  sulphate  requires  to  be  very  strongly  heated  in  a  blowpipe 
flame  for  complete  conversion  into  oxide. 

Nickel,  cobalt,  and  manganese  may  also  be  precipitated  by 
sodium  carbonate  under  similar  conditions  and  in  like  manner  to 
zinc  salts. 

Nickel  and  manganese  may  also  be  much  better  precipitated  as 
hydrated  peroxides;  for  this  purpose  any  salt  may  be  employed, 
but  ammonium  salts  must  be  absent. 

As  an  example,  weigh  out  not  more  than  '5  grm.  of  nickel  or  man- 
ganese salt,  dissolve  in  200  c.c.  water  in  a  beaker  with  cover-glass, 
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add  20  c.c.  bromine  water  and  then  sodium  hydix)xide  until  strongly 
alkaline,  and  warm  genUy  for  some  time.  A  dai'k  coloured  granular 
precipitate  will  form  and  subside  quickly.  After  filteriog  off  the 
nitrate  must  be  tested  by  again  adcUng  a  little  bromine  water  and 
alkali  and  allowing  to  stand. 

These  precipitates  must  be  well  washed  with  boiling  water,  as  the 
alkali  is  pertinaciously  retained. 

They  may  be  ignited  dii^ectly  in  platinum  or  poi^celain  ci'ucibles. 
The  nickel  becomes  NiO  and  the  manganese  Mn^O,. 

Iron,  aluminium,  and  chromium  can  be  completely  thrown  down 
in  the  form  of  hydroxides  by  the  addition  of  ammonium  hydroxide 
to  their  hot  solutions.  The  alkali  hydroxides  KHO  and  NaHO 
cannot  be  used  for  aluminium  and  chromium,  nor  should  alkali  salts 
be  present,  as  soluble  compounds  ai-e  formed. 

Iron  exists  in  two  states — ^as  ferrous  hydroxide.  Fe(OH),,  and 
ferric,  Fej(OH)g.  The  former  is  soluble  in  ammonia  and  alkali 
hydroxides,  and  for  this  reason  all  ferrous  salts  must  be  converted 
into  the  ferric  state,  which  can  then  give  an  insoluble  hydroxide 
with  either  the  ammonia  or  fixed  alkali  liydroxides. 

The  conversion  of  a  ferrous  into  a  ferric  siilt  can  be  brought 
about  by  several  methods  of  oxidation  (see  p.  77). 

Ferrous  ammonium  sulphate,  FeSO^CNH^j^SO^OH^O,  is  an  excel- 
leat  example  for  exercise.  It  contains,  when  pure,  exactly  one- 
seventh  of  its  weight  of  iron ;  392y  5(>  =  7. 

The  salt  is  made  by  mixing  ordinary  ferrous  sulphate  with  an 
eqaivalent  of  ammonium  sulphate,  and  dissolving  in  boiling  water 
oontuoing  a  very  little  free  sulphuric  acid.  The  concentrated 
solution  should  be  rapidly  cooled  by  placing  the  vessel  in  cold  water, 
and  shaking  or  stirring  vigorously  as  before  described.  The  crystals 
then  form^  are  very  small,  and  may  be  di*ained  very  completely 
from  the  liquid  by  a  pump  filter. 

The  firat  crop  obtained  must  be  recrystallised  from  hot  water, 
and  similarly  treated  whilst  cooling.  The  crystals  are  finally  dried 
^y  placing  between  several  layers  of  blotting-paper. 

Take  about  1  grm.  of  the  salt  for  analysis.  Place  in  beaker  direct 
from  the  weighing  bottle ;  add  20-25  c.c.  dilute  sulphuric  acid ;  warm 
IS^tly,  and  then  drop  in  carefully  5  c.c.  strong  nitric  acid.  A  rather 
violent  action  may  take  place,  with  evolution  of  nitrogen  oxides. 
Heat  to  boiling-point  for  a  few  minutes  until  all  gases  have  escaped, 
and  add,  carefully,  ammonium  hydroxide  in  considerable  excess. 
■Wow  to  boil  for  five  minutes,  and  then  filter.  Wash  the  precipitate 
well  into  the  apex  of  the  filter  with  hot  water,  until  the  wash -water 
fP^^  no  further  reaction  for  ammonia,  or  ceases  to  leave  a  lesidue 
^hen  a  drop  is  evaporated  on  a  glass  plate. 

Dry  the  precipitate  in  the  oven ;  it  will  contract  and  detach 
itself  from  the  paper  if  washed  properly.  Place  in  crucible,  either 
I  pofcelain  or  platinum,  fold  up  and  burn  the  paper,  dropping  the  ash 
^  to  precipitate  and  crucible,  and  ignite  strongly  with  the  blow- 
pipe. If  niade  really  very  hot  for  some  time  (twenty  minutes)  it  will 
^me  Fe,Oj.      This  precipitate  may  also  be  placed  damp  into  a 
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crucible,  preferably  of  porcelain,  and  ignited  directly  in  a  muffle  or 
over  a  fliime. 

If  only  just  heated  to  redness  it  will  be  FejO,  (150),  which 
requires  a  really  very  high  temperature  for  conversion  into  ^efi^  (232). 

This  method  of  treatment  does  not  separate  iron  from  aluminium 
or  chromium,  but  to  a  great  extent  from  nickel  or  cobalt  and  zinc, 
if  they  are  not  present  in  very  large  amount.  From  manganese  it 
is  only  a  poor  method  of  separation,  unless  repeated  many  times. 

Ferrous  ammonium  sulphate  when  heated  undergoes  thorough 
decomposition,  losing  water,  ammonia,  and  sulphuric  acid,  leaving 
ferric  oxide  or  FcjO^,  according  to  temperature  employed. 

Weigh  out  not  more  than  1  grm.  of  the  ferrous  salt  into  a  crucible. 
Heat  for  some  time,  until  the  contents  appear  all  black  when  hot. 
Finally  ignite  strongly  over  the  blowpipe  flame  to  make  sure  the  re- 
manent oxide  is  FegO^.  The  result  should  not  materially  differ  from 
that  obtained  by  precipitiition  from  solution. 

FeiTous  ammonium  sulphate  is  an  excellent  alternative  substance 
to  copper  sulphate  for  practice.  The  water  of  crystallisation, 
ammonia,  sulphur,  and  iron  may  all  be  determined  quantitatively. 

Aluminium  salts  in  solution  are  all  decomposed  by  ammonium 
hydroxide,  the  hydroxide  Alj(OH)g  being  preci])itated  as  an  almost 
colourless,  jelly-like  substance,  quite  insoluble  in  warm  ammonium 
hydroxide.  (Small  quantities  only  of  the  aluminium  salt — 1  to  2 
grms. — should  be  taken.)  It  must  be  very  well  washed  and  be  filtered 
hot.  When  cold  it  is  more  gelatinous  and  filters  with  difl&culty. 
On  igniting  it  becomes  Al^Oj,  a  whitish,  infusible  powder. 

Chromium  salts,  as  chrom-alum,  may  be  treated  in  a  precisely 
similar  manner.  The  gelatinous  precipitate  is  Cr,(OH)g,  which  on 
ignition  becomes  Cr^Og,  a  green  powder. 

Both  the  aluminium  and  chromium  hydroxides  may  be  placed, 
after  washing,  with  the  filter  paper  wet  into  a  crucible  and  heated. 
There  is  no  change  produced  in  these  cases  by  heating  along  with 
carbon. 

Magnesium. — Most  magnesium  salts  resemble  zinc  salts  to  a 
great  extent.  About  the  least  soluble  salt  is  the  double  phosphate 
of  magnesium  and  ammonium,  NH^MgPO^,  which  is  almost  insoluble 
in  water  and  practically  quite  insoluble  in  dilute  ammonium  hydroxide, 
but  very  soluble  in  acids. 

Magnesium  sulphate,  MgSO^jTH^O,  or  magnesite,  MgOOg,  or  even 
metallic  magnesium,  are  suitable  for  exercise.  -2  to '3  grm. of  metallic 
magnesium  will  be  suflScient,  and  not  more  than  1  grm.  of  the  salts. 
Dissolve  the  metal  in  dilute  HCl  in  a  small  300  c.c.  beaker,  covered, 
add  sodium  hydrogen  phosphate  in  slight  excess — no  precipitate 
should  form  if  sufficient  HCl  be  present.  Warm  gently  but  do  not 
boil,  and  add  ammonium  hydroxide  until  the  solution  smells  strongly. 
Arrange  that  there  is  not  much  more  than  200  c.c.  of  liquid.  Keepina 
warm  place  for  a  few  hours ;  avoid  stirring  after  adding  the  ammonia. 
The  precipitate  will  settle  down  more  or  less  crystalline.  Filter 
whilst  warm  (40°  to  60  °C.),  and  contrive  to  wash  the  precipitate  from 
the  beaker  with  some  of  the  clear  filtrate  from  the  first  portion  poured 
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1.  Finally  1^£Lsh  with  small  quantities  of  dilute  ammonium  hydroxide 
0  that  not  much  more  than  100  c.c.  in  all  are  used.  Allow  to  drain, 
nd  pour  alcohol  twice  or  more  over  the  pi^ecipitate.  Place  funnel 
nd  precipitate  in  the  steam  oven  and  allow  to  dry  thoroughly* 

Weigh  a  porcelain  crucible  and  lid.  When  the  phosphate  is 
[uite  dry  it  will  detach  almost  completely  from  the  paper  by  very 
lightly  rubbing  or  pressing  the  sides  of  the  filter  paper  cone  together. 
3o  this  over  a  piece  of  clean,  smooth,  blue  writing-paper.  Drop  as 
nuch  as  possible  of  the  substance  into  the  crucible,  and  carefully  brush 
my  adhering  particles  from  the  filter  paper  and  any  that  have  fallen 
3nto  the  blue  paper  also  into  the  crucible,  using  a  small  camel's-hair 
brush. 

The  filter  paper  is  then  folded  up,  coiled  in  platinum  wire,  and 
burnt  separately  (see  Fig.  40),  and  the  ash  dropped  into  the  crucible. 
The  crucible,  covered,  may  now  be  ignited  in  the  muffle,  or,  gently, 
over  the  Bunsen  flame,  The  salt  becomes  Mg,PjO,  (molecular  weight 
222),  from  which  the  Mg  can  be  calculated. 

This  is  really  a  very  difiicult  experiment,  and  great  attention 
should  be  paid  to  details.  h>hould  the  precipitate  stick  on  the  sides  of 
the  beaker  during  formation  it  may  be  necessary  to  redissolve  in  HCl 
and  again  precipitate.  The  pouring  rod  should  7iot  be  in  the  beaker  at 
the  time,  nor  should  it  be  stirred,  and  the  beaker  must  be  perfectly 
clean  when  commencing.  The  phosphate  is  very  light  and  inclined  to 
dust  when  dry,  so  care  must  be  taken  in  getting  it  into  the  crucible. 
A  platinum  crucible  may  not  be  used. 

The  method  of  ascertaining  the  amount  of  phosphorus  as  phos- 
phoric acid  in  a  substance  is  practically  the  converse  process,  the 
phosphoric  solution  being  precipitated  by  addition  of  an  alkaline 
magnesium  solution — ammonium  magnesium  sulphate  or  chloride 
^ith  a  little  excess  of  ammonium  hydroxide.  In  both  cases  all 
metals  but  those  of  the  alkalies  must  be  absent. 

Phosphorus  in  iron  or  steel  is  generally  first  precipitated,  as 
phosphoric  acid  in  combination  with  molybdic  acid  and  ammonia, 
from  the  nitric  acid  solution,  and,  after  washing,  dissolved  in 
^monium  hydroxide,  which  produces  ammonium  phosphate  and 
molybdate.  On  now  adding  a  magnesium  solution  a  double  phos- 
phate of  ammonium  and  magnesium  is  precipitated,  whilst  the 
molybdate  of  ammonium  is  very  soluble  and  is  washed  away.  The 
after4reatment  is  the  same  in  each  case.  (Carbon  '^  reduces  "  these 
salts  to  some  extent  at  a  high  temperature,  so  that  phosphorus  is 
Vapourised  and  lost,  or  if  the  ignition  took  place  in  a  platinum 
^^rucible  it  would  be  corroded  or  possibly  melted  in  places.) 

Calcium  (and  strontium)  salts  are  mostly  soluble.  The  oxalate  i.s 
Huffidently  insoluble  in  water,  ammoniacal  solutions,  acetic  acid,  ttc, 
for  quantitative  precipitation. 

A  calcium  mineral,  as  Iceland  spar,  is  convenient  for  experiment. 
l^ween  '5  and  1  grm.  is  weighed  into  a  500  c.c.  beaker  and  dis- 
solved in  dilute  hydrochloric  or  nitric  acid,  added  only  in  slight 
eicesR.  In  case  the  solution  is  perfectly  clear,  ammonium  hydroxide 
i&  added  and  the  liquid  warmed.     If  the  liquid  still  remains  clear, 
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uiumonium  oxalate  or  carbonate  solution  is  now  added,  and  the  whole 
heated  to  about  H0°  C.  The  calcium  salt  settles  down  somewhat 
rapidly.  It  may  be  filtered,  washed  with  water,  dried  at  100°  on  a 
weighed  paper  (see  **Ammonia,"),  but  it  is  much  better  to  place 
filter  and  precipitate  in  a  platinum  crucible  and  ignito  strongly. 
The  residue  is  then  calcium  oxide,  CaO. 

Strontium  can  be  pi*ecipitated  as  sulphate  in  a  similar  manner  to 
br.rium. 

Potassium,  ammonia,  and  a  large  number  of  bases  of  the  ammonia 
type,  such  as  aniline,  CgH.NH^,  form  compounds  with  acids,  nearly 
all  of  which  are  soluble  in  water,  most  of  them  extremely  so.  They 
are  chamcterised  by  reacting  with  chloroplatinic  acid,  PtC1^2HCl, 
to  form  a  series  or  group  of  compounds  of  a  comparatively  insoluble 
nature.  All  these  chloroplatinates  show  a  close  resemblance  in 
composition.  The  potassium  salt  is  represented  by  PtC1^2KCl;  the 
ammonium  salt  ^  PtCl^^NH^Cl,  and  with  bases  of  the  ammonia 
type,  as  aniline,  PtC1^2(C5H.NH,HCl).  These  compounds  are  nearly 
all  yellow  in  colour,  crystalline,  and  mostly  without  water  of 
crystallisation.  These  double  salts  are  decomposed  at  a  high  tem- 
perature. The  alkali  salts  leave  alkali  chloride  +  platinum,  and  the 
ammonia  or  amine  salts  platinum  only,  or  in  some  cases  platinum 
and  carbon. 

Sodium. — Properly  speaking,  there  is  no  insoluble  sodium  com- 
pound that  can  be  used  for  gravimetric  determination.      Most  of  its 
salts  may  be  converted  into  the  sulphate,  and  this  weighed  after   j 
heating  to  redness.      (See  **  Common  Salt,"  ante,  G4.)  \ 

Experiment. 

Ammonium  chloride  is  purified  by  recrystallisation  from  water 
as  described  in  other  cases,  and  dried  by  heating  in  a  dish  until  it 
commences  to  volatilise.  Some  of  the  dry  salt  is  then  placed  in  the 
weighing  bottle,  and  about  -2  or  '5  grm.  weighed  into  a  small  porce- 
lain dish,  dissolved  in  :^0  c.c.  water,  1  or  2  c.c.  strong  HCl  and  then 
an  excess  of  platinum  chloride  solution  added.  (The  strength  of  the 
platinum  solution  should  be  known  approximately.) 

The  whole  is  then  evaporated  to  complete  dryness  on  a  steam  of 
water  bath.  The  solid  residue  will  be  the  double  salt  and  the  excess 
of  platinum  salt. 

(The  same  treatment  is  to  be  followed  in  the  case  of  a  potassium 
salt  or  an  amine  salt  such  as  aniline  hydrochloride.) 

The  residue  in  the  dish  is  now  moistened  with  a  very  little  hydro- 
chloric acid  and  then  covered  with  a  mixture  of  alcohol  and  ether 
(equal  volumes  of  each),  stirred  with  a  glass  rod  and  then  allowed  to 
stand  a  few  minutes,  the  dish  being  covered  with  a  glass  plate. 

In  the  meanwhile,  whilst  the  salt  solution  has  been  evaporating, 
a  small  filter  paper  has  been  dried  carefully  in  the  steam  oven  and 
weighed.  For  this  a  paper  must  be  selected  and  placed  in  the  steam 
oven  for  thirty  minutes ;  it  is  then  put  inside  a  test-tube  "  carrier" 
made  out  of  two  test-tubep,  one  of  which  slides  moderately  easily  into 
the  other  (plenty  of  these  "  fitting  "  tubes  are  to  be  found  in  every  box 
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of  test-tubes).  The  rim  around  the  open  end  of  the  smaller  tube  is 
removed  by  filing  it  around  and  warming  in  a  very  small  flame.  The 
open  end  of  the  smaller  tube  is  then  pushed  into  tlie  larger.  This 
makes  a  sufficiently  air-tight  cannier  for  paper  and  other  hygroscopic 
substances  whilst  weighing  (Fig.  42).  The  paper  must  be  dried  and 
weighed  and  dried  again  and  weighed  until  the  last  two  weighings  are 
the  same.  The  paper  must  be  moistened  with  alcohol  befoi*e  commenc- 
ing to  filter  the  platinum  salt.  A  mixture  of  alcohol  and  ether  must 
be  used  to  wash  all  the  insoluble  platinum  salt  on  to  the  paper  from 
the  dish  and  also  on  the  paper,  until  it  comes  through  colourless  and 
leaves  no  residue  on  evaporation.  (The  filtrate  containing  the  excess 
of  platinum  chloride  is  saved.) 

The  funnel  and  paper  are  placed  in  the  oven  to  dry  and  then  in 
the  carrying  tubes  to  weigh.  The  drying  and  weighing  must  be 
repeated  until  the  weight  is  constant. 

The  difference  between  the  weight  of  the  carrier -h  paper  and 
carrier  -♦-  paper  +  salt  gives  the  weight  of  the  latter. 

A  check  on  the  work  is  obtained  by  now  igniting  the  precipitate 
and  paper  in  a  weighed  platinum  (or  porcelain)  crucible.     If  the  salt 
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Fig.  42. — Fitting  test-tubes  for  carrying  filter  papers,  &c.  &c., 
for  weighing. 

taken  was  of  ammonia  or  an  amine  base,  platinum  black  only  will  be 
left.    With  a  potassium  salt  potassium  chloride  also  remains. 

Generally  the  platinum  is  so  coherent  that  the  potassium  salt  may 
be  washed  away  with  warm  water  and  the  platinum  left.  After 
again  heating  the  crucible  can  be  weighed  and  the  equivalent  of  base 
or  metal  calculated  from  the  weight  of  platinum. 

194-34  Pt  =  2  X  39  K,  or  2  X  1 8  NH,. 

Many  salts  of  potassium  and  ammonium  in  addition  to  the  chlorides 
mentioned  will  give  the  chloroplatinate  precipitate  when  a  sufficient 
excess  of  the  chloroplatinic  and  hydrochloric  acids  are  present. 

OXIDATION. — Sulphur  and  most  metallic  sulphides  can  be  oxi- 
dised in  such  manner  that  the  sulphur  is  converted  into  sulphuric 
acid  or  into  a  metallic  sulphate,  as  the  case  may  be. 

In  the  majority  of  cases  sulphates,  if  formed,  are  soluble. 
Barium  and  lead  are  very  insoluble ;  and  a  few  substances,  as  tin  and 
antimony,  <S^c.,  may  be  troublesome,  as  they  form  somewhat  insoluble 


A  number  of  compounds  are  able  to  function  as  oxidishKj  agents 
either  in  aqueoos  solution  or  when  melted — nitric  acid,  aqua  regia, 
alkali  permanganate  or  chlorate,  bromine  or  chlorine  and  watei-, 
melted  alkali  hydroxides,  as  KHO,  nitre,  KNO3,  poroxid<;H  of  the 
alkaliefi,  as  NaoOg,  &c. 
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Sulphur  or  metallic  sulphides  must  be  very  finely  powdered,  or 
the  action  with  aqueous  oxidants  may  be  exceedingly  slow. 

Weigh  into  a  beaker  about  *2  or  '3  grm.  of  sulphur.  Add  to 
this  about  10  c.c.  strong  nitric  acid,  cover  beaker,  and  heat  until 
an  action,  shown  by  evolution  of  red  fumes,  begins.  One  or  two 
small  crystals  of  potassium  chlorate  may  be  added  from  time  to  time 
until  all  signs  of  suspended  sulphur  have  disappeared. 

The  liquid  is  then  diluted  to  at  least  twice  its  bulk,  boiled,  to 
expel  any  oxides  of  chlorine  or  nitrogen,  for  a  few  minutes,  and  while 
still  boiling  barium  chloride  solution  added  in  such  small  quantities 
that  the  liquid  continues  in  ebullition.  Barium  sulphate  will  then 
precipitate  in  a  granular  form,  which  is  easy  to  filter  off.  It  must  be 
washed  and  ignited  and  treated  as  before  described.  According  to  the 
atomic  weight  of  sulphur  and  the  molecular  weight  of  barium 
sulphate,  32  parts  of  sulphur  should  give  233  of  .barium  sulphate; 
therefore  *3  grm.  of  sulphur  will  produce  more  than  2  grms.  of  the 
sulphate. 

Gunpowders  of  various  kinds  are  perhaps  better  for  this  exercise 
than  pure  sulphur.  Black  gunpowder  contains  nearly  10  per  cent., 
and  the  brown  varieties  from  about  2  per  cent,  to  5  per  cent.  Of 
these  1  to  2  grms.  should  be  weighed  and  treated  in  the  manner 
described  above,  but  employing  more  nitric  acid.  Gunpowders 
contain  carbon  compounds  which  produce  coloured  solutions  as  the 
oxidation  is  proceeding.  "When  all  the  carbon  and  sulphur  is  fully 
oxidised  the  liquid  becomes  colourless  and  clear.  This  stage  must  be 
attained  before  addition  of  barium  chloride.  This  treatment  can  be 
applied  to  all  "  organic  "  compounds  containing  sulphur. 

A  metallic  sulphide,  such  as  the  copper  sulphide,  made  by  heating 
the  metal  in  sulphur  vapour  (see  ante,  5G)  can  also  be  dissolved  and 
oxidised  by  a  mixture  of  nitric  and  hydrochloric  acids  (aqua  regia). 

About  1  grm.  of  the  finely  powdered  sulphide  is  placed  in  a  flask 
of  250-300  c.c.  capacity,  a  small  funnel  being  placed  in  the  neck. 
10  c.c.  of  nitric  acid  (1*3  sp.  gr.)  is  first  added,  warmed  gently,  and 
when  the  reaction  appears  to  slacken  10  c.c.  of  strong  hydrochloric 
added.  Afterwards  the  acids  may  be  added  alternately,  1  c.c.  at  a 
time,  until  all  is  dissolved  and  the  solution  becomes  clear.  Addition  of 
very  small  quantities  of  potassium  chlorate  generally  helps  the  oxida- 
tion and  solution. 

Before  addition  of  the  barium  salt  the  liquid  must  be  diluted 
with  atjeast  an  equal  volume  of  water,  as  barium  salts  are  not  very 
soluble  in  strongly  acid  solutions. 

Melted  potassium  nitrate  may  also  be  employed  for  the  oxidation 
of  sulphides  of  metals.  In  this  case  it  is  advisable  to  dilute  the 
oxidising  agent  with  sodium  carbonate,  to  moderate  the  action.  Or 
a  mixture  of  alkali  hydroxide  and  nitrate  or  peroxide  may  be  used  in 
some  cases. 

i^A  convenient  mixture  consists  of  4  parts  dry  sodium  carbonate  and 
1  part  potassium  nitrate.  5  to  6  grms.  of  this  mixture  are  placed  in 
a'porcelain  crucible,  and  the  finely  powdered  sulphide  (say  1  grm.) 
added  andmixed  slightly  by  means  of  a  wire  carefully  stirred  in. 
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It  is  then  gently  heated  until  in  quiet  fusion,  when  cold  placed 
in  a  beaker,  covered  with  warm  water  acidified  with  dilute  nitnc 
acid  (care  being  taken  to  prevent  loss  by  covering  the  beaker),  heated 
to  boiling,  and  the  sulphate  of  barium  formed,  as  before,  by  addition 
of  barium  nitrate  or  chloride. 

Where  fusion  with  alkali  salts  is  resorted  to  the  final  washing  of 
the  barium  sulphate  must  be  continued  until  no  residue  is  left  on 
evaporating  a  few  drops  of  the  filtrate. 

The  analysis  of  metallic  sulphides  to  obtain  quantitatively  the 
content  of  sulphur  and  metal  involves  special  treatment  where  (as 
with  lead  and  others)  insoluble  sulphates  or  oxides  are  formed. 

OXIDATION  OF  HETALS.— Tin  and  a  few  other  substances,  as 
antimony,  arsenic  (tungsten),  are  oxidised  by  nitric  acid. 

Tin  yields  a  hydroxide  of  complicated  constitution,  generally 
expressed  by  the  formula  Sn505(OH),p,  which  is  quite  insoluble  in 
water  and  nitric  acid.     On  ignition  it  becomes  SnO^. 

Antimony  and  arsenic  produce  oxides  which  on  hydration  form 
acids. 

The  tin  in  the  (dloya,  or  compounds  of  tin  with  metals,  is  also 
converted,  on  treatment  of  the  alloy  with  nitric  acid,  into  this 
insoluble  compound,  whilst  nearly,  if  not  all,  the  metallic  nitrates  are 
very  soluble  compounds.  Consequently  the  amount  of  tin  con- 
tained in  an  alloy  of  that  substance  can  be  ascertained  by  dissolving 
a  weighed  amount  in  nitric  acid  and  filtering  ofl:'  the  insoluble  tin 
compound,  which  is  afterwards  converted  by  heating  into  tin  dioxide, 
SnO,. 

Commercial  tin  is  generally  pure  enough  for  experiment.  The 
ordinary  bronze  coinage  contains  a  definite  quantity  of  tin  (about 
4  per  cent.).     Some  bronzes  contain  9  to  10  per  cent. 

The  metal  taken  should  be  either  in  the  form  of  turnings  or 
filings.  1  to  3  grms.  should  be  weighed  into  a  beaker  of  about 
500  c.c.  capacity,  provided  with  a  concave  cover-glass.  Place  20  or 
80  cc.  of  water  on  the  metal,  and  then  add  20  c.c.  of  nitric  acid 
(of  about  1*4  sp.  gr.).  A  violent  action  will  generally  set  in  and  the 
liquid  become  clouded  from  the  suspended  tin  hydroxide. 

The  temperatiu^  will  rise  during  the  solution  of  tlio  metal,  and 
must  be  kept  up  until  all  action  is  over.  Finally  the  liquid  is 
diluted  with  twice  its  bulk  of  water,  and  then  boiled  for  at  least  ten 
i&inutes  before  filtering. 

The  precipitate  is  very  fine,  and  needs  a  good  filter  paper.  It 
Jauat  be  washed  with  hot  water  or  very  dilute  hot  nitric  acid  until 
*  drop  of  wash  liquid  leaves  no  residue  when  evaporated  on  a  glass 
plate. 

The  precipitate  may  be  dried  and  detached  from  paper  before 
^[niting,  or  placed  direct  in  a  porcelain  crucible  and  heated,  without 
^  lid,  over  a  flame  or  in  a  mutHe.  The  product  should  be  quite 
*hite.    Any  colour  indicates  imperfect  washing. 

The  formula  SnO,  implies  that  in  150  parts  118  are  tin  and  32 
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REDUCTIONS. — Chromium,  manganese,  and  some  other  substances 
form  several  very  distinct  classes  of  compounds,  in  one  of  which  the 
element  acts  as  base  and  is  combined  with  some  acid,  and  in  another 
it  acts  as  an  acid  and  is  combined  with  some  base.  Chromium  can 
pass  very  easily  from  the  one  form  to  the  other.  From  chromates  and 
bichromates,  iVc,  the  chromium  cannot  be  precipitated  as  hydroxide. 
When  any  of  these  compounds  are  brought  in  contact  with  a 
substance  capable  of  taking  up  oxygen  they  give  up  a  definite 
amount  and  become  reduced  to  chromium  salts.  Alkali  bichro- 
mates are  largely  used  in  a  number  of  technical  operations  as  oxi- 
dising agents.  The  commercial  salts  are  not  quite  pure.  20  or 
more  grms.  of  the  potassium  salt  should  be  dissolved  in  boiling 
water,  the  liquid  filtered  hot,  then  cooled  rapidly,  with  constant 
agitation,  and  the  fine  crystals  drained  on  a  pump  filter.  The  crys- 
tals do  not  contain  water  of  constitution.  The  moisture  may  be 
driven  oft'  by  direct  heating,  and  at  a  moderate  temperature  the  salt 
melts  to  a  red  liquid,  which  sets  on  cooling  into  an  orange-red  crystal- 
line mass  which  easily  breaks  up. 

Weigh  not  more  than  5  of  the  salt  from  a  weighing  bottle  into  a 
500  c.c.  beaker.  Dissolve  in  about  100  c.c.  hot  water,  add  5  c.c.  hydro- 
chloric acid,  and  then  about  the  same  amount  of  alcohol.  Cover  the 
beaker  and  heat  to  boiling.  The  colour  of  the  liquid  will  change  from 
orange  to  gi-een,  and  a  strong  odour  of  aldehyde  will  be  noticed. 
The  solution  must  be  boiled  until  the  aldehyde  odour  has  passed 
away  and  the  liquid  is  of  a  pure  green  colour. 

Add  slowly  a  few  c.c.  strong  ammonium  hydroxide,  keeping  up 
the  heating.  A  grey-green  precipitate  should  form.  Filter  as  hot 
as  possible  and  wash  very  thoroughly  with  hot  water.  It  is  an 
advantage  if  this  operation  of  precipitation  and  filtration  be  done 
quickly,  as  chrom-ammonias  are  liable  to  form  on  long  exposure  to 
air  This  will  be  seen  by  the  filtrate  becoming  purple.  It  should 
be  perfectly  colourless.     The  precipitate  cannot  be  too  well  washed. 

The  filter  paper  and  precipitate  may  be  introduced  at  once,  after 
draining,  into  a  platinum  crucible,  and  heated  either  in  a  muffle  or 
by  a  blowpipe  flame.  The  final  result  is  Cr^Oj,  which  should  be 
dark  green  in  colour  and  a  perfectly  loose  powder. 

Instead  of  alcohol,  a  sodium  thiosulphate  solution  or  yellow 
ammonium  sulphide  or  sodium  sulphite  may  be  used  for  the  reduc- 
tion. Some  sulphur  is  thrown  down  from  the  former  of  these,  but 
it  does  not  interfere,  being  burnt  off  in  the  ignition.  It  is,  however, 
more  diflBcult  to  filter. 

Many  chromates  or  bichromates  may  be  made  by  double  decom- 
position from  the  potassium  salt  and  other  metallic  salts,  as  silver 
nitrate,  &c.  Sodium  bichromate  is  much  more  soluble  than  the 
potassium  salt,  and  is  also  deliquescent.  If  the  sodium  salt  is  taken 
for  experiment  two  or  three  hundred  grams  will  be  required  for 
crystallisation,  and  the  salt  after  draining  and  fusing  must  be  kept 
in  a  closed  bottle. 


CHAPTER  VIL 

VOLUMETRIC  ANALYSTS. 

The  object  of  volumetric  analysis  is  to  ascertain,  quantitatively, 
the  composition  of  a  given  substance  by  means  of  solutions  of  a  i*e- 
agent  of  known  strength.  Certain  chaiucteristic  and  visible  reactions 
are  produced,  and  from  the  volume  of  reagent  used  the  amount  of 
substance  present  may  be  deduced  from  the  laws  of  chemical  equiva- 
lence. All  that  is  necessary  for  the  successful  performance  of  the 
analysis  is  that  the  exact  termination  of  the  reaction  shall  be  in  some 
way  made  visible. 

The  apparatus  required  for  volumetric  processes  is  generally  of  a 
tdmpler  character  than  that  employed  for  gi-avimetric  analysis.  In 
addition,  the  estimation  may  be  performed  very  itipidly,  and  with  an 
accuracy  quite  equal  to  that  obtained  by  the  most  careful  gravimetric 
methods,  and  in  some  cases  even  more  so. 

End  of  Reaction, — As  previously  mentioned,  the  success  of  any 
volumetric  analysis  depends  upon  the  termination  of  the  reaction 
being  definite  and  observable.  The  most  general  methods  of  ascei- 
taining  this  may  be  classified  as  follows : 

1.  The  appearatice  or  disappearance  of  a  distinct  colour  in  the 
liquid  under  operation, —  An  example  of  this  is  to  be  found  in  the 
behaviour  of  iron  salts  towards  potassium  permanganate.  If  a 
permanganate  solution  be  added  drop  by  drop  to  an  acid  solution  of 
a  ferrous  salt,  the  colour  is  discharged  so  long  as  the  latter  is  in 
excess.  When  the  permanganate  strikes  a  distinct  colour  in  the 
liquid  the  oxidation  of  the  feri'ous  salt  has  been  completed.  Con- 
versely, when  hydrogen  peroxide  is  added  to  a  solution  of  perman- 
ganate the  colour  of  the  latter  becomes  fainter,  and  finally  disappears 
at  the  moment  the  reaction  is  complete.  In  both  cases  the  final 
obange  is  brought  about  by  one  or  two  drops  of  solution,  which  may 
be  extremely  dilute. 

2.  When  a  precipitate  juat  ceases  to  fonn, — An  example  of  this 
is  afforded  by  a  method  of  finding  the  amount  of  silver  in  a  substance. 
If  a  solution  of  sodium  chloride  be  gradually  added  to  a  silver  solution, 
the  latter  being  constantly  shaken  so  as  to  allow  the  precipitate  to 
subside,  a  point  will  be  reached  at  which  a  drop  of  the  salt  solution 
ceaaes  to  cause  a  further  precipitation.  This  indicates  the  end  of 
*be  reaction. 
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:\.  By  the  use  of  an  indicator ^  which  may  be  defined  as  a  substance 
w'hicli  rendei-s  the  end  reaction  evident,  without  itself  appreciably 
interfering  with  the  reaction.  Examples  of  these  are  provided  by 
the  estimation  of  the  acidity  or  alkalinity  of  a  given  solution ;  and 
as  this  is  one  of  the  most  frequent  uses  of  volumetric  analysis,  the 
names  and  properties  of  the  chief  acid  and  alkali  indicators  will  be 
given : 

(a)  Litmus. — The  solution  of  litmus,  as  is  well  known,  is  turned 
red  with  an  acid  and  blue  with  an  alkali.  If  one  be  added  gradually 
to  a  solution  of  the  other,  into  which  a  little  litmus  has  been  poured, 
a  point  of  neutrality  will  be  reached  when  the  litmus  is  neither  red 
nor  blue  (a  purple  tint),  after  which  one  drop  of  acid  or  alkali  will 
turn  it  red  or  blue.  The  end  of  the  reaction  is  thus  made  evident. 
The  objection  to  litmus  is  that  it  is  affected  by  carbonic  acid,  so  that 
in  such  cases  as  the  examination  of  carbonates  with  an  acid  the 
litmus  is  turned  prematurely  red.  Boiling  the  solution  during  the 
process  obviates  this. 

(b)  Methijl  oraiifje  (para-sulpho-benzene  azo-dimethylaniline)  is 
an  orange-coloured  compound,  soluble  in  water.  It  becomes  red  on 
the  addition  of  an  acid.  It  should  be  made  by  dissolving  1  grm.  of 
the  solid  in  a  litre  of  distilled  water.  One  drop  of  this  solution 
present  in  an  alkaline  licjuid  will  strike  a  red  tint  immediately  an 
acid  is  added  in  excess.  It  is  probably  the  best  indicator  for  acids 
and  alkalies,  being  totally  unaffected  by  carbonic  acid  or  sulphuretted 
hydrogen. 

(c)  Phenolphthahin. — This  indicator  is  prepared  by  dissolving  5 
grms.  of  the  powder  in  1  litre  of  50  per  cent,  alcohol.  A  few  drops 
of  this  solution  show  no  colour  in  a  neutral  or  acid  solution,  but  the 
faintest  excess  of  alkali  produces  a  deep  purple-red.  It  is,  however, 
affected  by  CO,  and  1I,S. 

The  indicators  Uhed  in  other  volumetric  processes  are  too  nume- 
rous to  classify  here  ;  such  as  are  used  in  the  processes  to  be  described 
will  be  found,  with  the  principles  of  their  action,  in  the  description 
of  the  analyses. 

STANDARD  SOLUTION.— A  standard  solution  may  be  defined  as 
an  arbitrary  solution  possessing  a  known  chemical  strength.  Such 
solutions  are  generally,  though  not  always,  made  in  accordance  with 
the  chemical  equivalent  of  the  reacting  body,  as  explained  in  the 
next  definition. 

NORMAL  SOLUTION. — A  normal  solution  is  one  which  possesses 
the  hydrogen  equivalent  of  the  reacting  element  in  grams  per 
litre.  It  is  generally  expressed  by  the  symbol  N.  Reference  to 
examples  will  make  clear  the  definition  given. 

1.  Sodium  hydroxide,  NaOH,  consists  of  28  parts  by  weight  of 
sodium,  16  of  oxygen,  and  1  of  hydrogen  =  40.  A  litre  of  noimal' 
sodium  hydroxide  contains  40  grms.  of  NaOH,  and  therefore  1 
grm.  of  hydrogen. 

2.  Sodium  carbonate,  Na^COg,  contains  46  parts  by  weight  of 
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sodium,  equivalent  to  2  grms.  of  hydiogeD.  For  a  normal  solution 
the  weight  expressed  by  Na^COj  divided  by  2  will  give  the  amount 
in  grams  to  be  contained  in  1  litre. 

3.  Copper  sulphate,  CuSO^,  contains  08  parts  by  weight  of 
copper.  The  equivalence  of  copptr  to  hydicgen  is  32-5  :  1,  as 
copper  is  divalent.  The  number  of  grams  in  a  litre  cf  roimal 
copper  sulphate  is  theiefoie  one-half  of  the  number  represented 
by  CuSO,. 

It  is  of  great  importance  that  this  x>oint  should  he  clearly  under- 
stood^ in  order  that  a  thorough  insight  into  the  rarious  volumetric  pro- 
cesses may  he  obtained. 

The  chief  advantages  obtained  by  making  standard  solutions  of 
normal  strength  are  that  any  two  such  solutions,  capable  of  reacting 
upon  each  other,  do  so  in  exactly  equal  volumes,  and  that  the  final 
calculations  are  rendered  much  easier. 

It  is  often  an  advantage  to  employ  solutions  of  less  strength  than 
normal.  In  such  cases  they  are  usually  made  some  simple  fraction  of 
normal  j  thus,  decinormal  (y^),  seminormal  (5),  &c. 

All  standard  solutions  must  be  kept  in  well-stoppered  bottles. 
Before  using  for  an  analysis  they  should  be  well  shaken,  as  evapora- 
tion from  the  surface  of  the  liquid  causes  a  deposition  of  water 
on  the  sides  of  the  bottle,  leaving  the  remaining  solution  unduly 
strong. 

Titration, — ^The  actual  operation  of  running  in  a  standard  solu- 
tion to  the  liquid  undergoing  analysis  and  the  observation  of  the 
end  reaction  are  expressed  by  the  term  "  titration."  The  solution 
is  run  in  from  a  graduated  instrument,  the  burette  (see  Introduction). 
By  this  means  the  amount  of  solution  used  is  accurately  known. 
The  solution  undergoing  examination  may  be  contained  in  either 
a  beaker,  flask,  or  dish.  Whichever  of  these  is  used,  it  is  essential 
that  constant  mixing  shall  take  place,  in  order  that  every  part  of  the 
liquid  may  participate  in  the  reaction.  This  may  be  accomplished 
in  the  case  of  a  flask  by  swishing  round  the  Contained  liquid  and 
then  slightly  inclining ;  in  open  vessels  a  glass  stirring  rod  may  be 
used.  The  instrument  from  which  the  standard  solution  is  delivered 
must  never  be  so  far  removed  from  the  test  liquid  as  to  cause 
splashing;  nor  should  the  solution  be  allowed  to  run  down  the 
side  of  the  beaker  or  flask,  as  difliculty  is  experienced  owing  to  the 
adhesion  of  the  solution  to  the  side  of  the  vessel. 

The  details  of  the  titrations  given  will  be  found  under  the  respec- 
tive headings. 

Graduated  instruments, — The  three  chief  graduated  instruments 
required  in  volumetric  analysis  are  the  pipette,  the  measuring  flask, 
^      and  the  burette  (see  Introduction). 

\  The  pipette,  as  shown  in  the  sketch,  consists  of  a  narrow  piece  of 

.;  tabing  widened  out  at  the  centre.  The  bottom  portion  of  the  narrow 
'  Y  ^vibe  is  drawn  out  to  a  moderately  fine  taper  point,  so  as  to  allow 
'J  ^liquid  to  be  retained  when  the  opposite  end  is  closed,  and  also  to 
^^"  \  wifture  a  moderately  slow  delivery  of  the  contejits.  The  graduation 
. .1     wmastB  of  a  mark  on  the  upper  portion  of  the  narrow  tube. 
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To  use  the  pipette,  the  point  is  immersed  in  the  liquid  from 
which  an  exact  volume  is  to  be  transferred  to  another  vessel.     Suc- 
tion is  then  applied,  using  the  tongue  as  a  valve,  until  the  liquid 
rises  two  inches  or  more  above  the  mark.     The  forefinger  is  then 
rapidly  placed  over  the  open  end,  when,  by  gently  moving  the  finger, 
air  may  be  slowly  admitted  and  the  column  allowed  to  sink  until  the 
bottom  of  the  meniscus  is  opposite  the  mark.     The  finger  is  then 
pressed  tightly,  and  the  pipette  removed  bodily  and  its  contents  dig- 
charged  in  the  receiving  vessel  by  lifting  the  finger.     The  last  drop 
remaining  in  the  tapered  portion  may  be  expelled  by  touching  it 
against  the  side  of  the  vessel,  closing  the  top  with  the  finger,  and 
graaping  the  wide  portion  with  the  hand.     The  warming  expels  the 
last  drop.     The  pipette  is  evidently  made  to  ddi^ser  a  given  volume ; 
its  actual  contents  are  obviously  greater,  as  it  is  wetted  by  the  liquid 
and   therefore   retains   a    portion  on  its  sides.     Before  using  the 
pipette  for  a  different  solution,  it  should  be  rinsed  out  with  distilled 
water  several  times,  dried,  and  rinsed  out  with  the  new  solution 
before  final  filling.     Care  must  be  exercised  during  the  last  stages 
of  filling,  otherwise  the  solution  may  be  drawn  into  the  mouth.     A 
few  inches  of  small  rubber  tube  at  the  top  of  the  pipette  is  most 
convenient. 

Convenient  sizes  of  pipettes  are  100  c.c,  50  c.c,  25c.c.,  20c.c., 
10  c.c,  and  5  c.c. 

Measuring  flasks  (see  Introduction)  may  be  obtained  in  various 
forms  and  sizes.  In  preparing  standard  solutions  such  flasks  are 
absolutely  necessary.  Mostly  these  instruments  are  graduated  for 
the  ordinary  temperature  of  15°-16°  C,  and  all  the  operations  of 
volumetric  analysis  should  be  performed  with  the  liquids  at  as  near 
these  temperatures  as  possible.  Liquids  expand  appreciably  with 
slight  increase  of  temperature.  The  flasks  are  of  such  a  size  that  the 
graduation  mark  may  be  placed  on  the  neck.  The  best  forms  are 
provided  with  an  accurately  ground  glass  stopper,  so  that  any  solution 
contained  in  the  flask  may  be  mixed  and  preserved  from  evapora- 
tion. The  stoppered  flask,  however,  is  not  absolutely  necessary. 
Such  flasks  are  usually  made  to  contain  a  given  quantity ;  the 
amount  they  will  deliver  is  obviously  less,  and  should  a  flask  be  used 
for  the  latter  purpose  it  must  be  specially  graduated. 

Convenient  sizes  are  1  litre,  500  c.c,  250  c.c,  200  cc,  100  c.c, 
and  50  c.c. 

In  filling  to  the  mark  the  last  few  drops  should  be  blown  in 
from  a  wash-bottle  jet.  Where  it  is  only  requisite  to  measure  or 
deliver  quantities  of  liquids  roughly,  measuring  cylinders  are  used. 
They  consist  of  cylinders  graduated  by  divisions  marked  on  the  side, 
and  should  possess  a  lip  for  convenience  of  pouring.  Such  cylinders 
are  of  great  service  in  the  rougher  portions  of  the  work  involved  in 
volumetric  analysis. 

Convenient  sizes  are  250  c.c.  and  100  c.c 

The  Burette  (see  Introduction). — There  are  numerous  forms  and 
sizes  of  this  instrument  obtainable,  bub  the  best  form  for  general  Ui>e 
consists  of  a  graduated  tube  with  a  tap  at  the  bottom,  which  by 


VOLUMETRIC  ANALYSIS.  85 

careful  turning  may  be  adjusted  so  as  to  allow  only  a  single  drop  to 
escape. 

A  convenient  size  for  ordinary  use  is  the  one  graduated  in 
tenths  to  55  c.e.  Two  drops  are  about  equal  to  jV^h  of  a  c.c.  The 
method  of  using  the  burette  is  as  follows :  Pour  in  a  few  cubic 
centimetres  of  the  solution  to  be  used,  and  incline  the  burette  so 
that  every  portion  is  washed  in  turn  by  the  liquid.  This  washing 
liquid  is  now  poured  away,  and  the  burette  filled  to  a  few  centi- 
metres above  the  zero  mark.  It  is  then  clamped  in  a  stand,  and 
the  tap  rapidly  turned  on  full  and  closed  again.  This  operation 
expels  the  air  bubble  in  the  tapered  tube  beneath  the  tap.  The  eye 
is  now  placed  on  a  level  with  the  zero  mark,  and  the  tap  gently 
turned  so  as  to  allow  a  very  gradual  escape  of  the  liquid.  The 
column  falls  slowly,  and  when  the  bottom  of  the  meniscus  is  exactly 
opposite  the  zero  mark  the  tap  is  closed.  The  drop  clinging  to  the 
bottom  is  removed  by  touching  with  a  glass  rod,  when  the  liquid  to 
be  titrated  may  be  placed  beneath  the  burette.  If  the  amount  of 
solution  required  for  the  reaction  be  approximately  known,  this 
amount  minus  about  2  c.c.  may  be  run  in  at  one  operation.  The 
final  stage  of  the  reaction  is  found  by  running  in  two  drops  at  a 
time,  stirring  the  solution  with  a  glass  rod  after  every  addition. 
A  point  will  be  reached  when  the  addition  of  a  given  two 
drops  will  cause  the  indicator  to  turn  colour,  at  which  stage  the 
reading  of  the  burette  is  taken  by  observing  the  mark  opposite  the 
bottom  of  the  meniscus,  holding  the  eye  level  with  the  mark. 
When  nothing  is  known  as  to  the  strength  of  the  liquid  to  be 
titrated,  an  approximate  idea  must  be  obtained  by  running  in  1  c.c. 
at  a  time,  when  the  end  reaction  will  be  found  between  the  limits 
of  a  c.c.  The  burette  must  be  again  filled  with  solution,  and  a 
second  titration  performed  accurately,  the  last  portions  of  the 
solution  being  run  in  drop  by  drop  until  the  reaction  is  seen  to  be 
completed. 

When  the  burette  is  to  be  used  for  another  solution  it  should 
be  rinsed  out  several  times  with  distilled  water  and  dried.  It  may 
then  be  rinsed  out  with  the  new  solution,  and  filled  and  run  down  to 
the  zero  mark  as  before. 

The  drop  clinging  to  the  bottom  of  the  burette  during  the  titra- 
tion may  be  transferred  to  the  liquid  by  touching  with  the  stirring 
rod  and  immersing  the  latter  in  the  liquid  undergoing  titration. 
When  the  end  of  the  reaction  is  close  at  hand,  this  drop  frequently 
suffices  to  complete  the  change  of  tint  in  the  indicator. 

The  burette  may  be  filled  directly  from  the  bottle  containing  the 
solution  by  holding  it  vertically,  and  allowing  the  lip  of  the  bottle  to 
rest  on  the  top.  The  solution  must  be  poured  in  gently,  otherwise 
it  will  flow  over  the  outside  of  the  burette.  With  a  little  care  and 
pnictico,  however,  the  burette  may  be  filled  in  this  manner  without 
danger  of  overflowing. 

For  all  ordinary  volumetric  estimations  it  is  only  necessary  that 
the  readings  of  the  burette  be  taken  to  ^th  of  a  c.c,  as  this  amount 
is  frequently  necessary  to  make  the  change  in  the  indicator  abso- 
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lutely  cert-ain.  For  more  refined  methods  Erdmann's  float  may  be 
used,  by  means  of  which  readings  to  ^V^h  of  a  c.c.  may  be  accurately 
observed.  Tiiis  consists  of  a  weighted  glass  tube  having  a  mark 
round  its  circumference.  After  roughly  filling  the  burette  the 
float  is  dropped  into  the  liquid,  when  the  mark  will  be  seen  to  be 
below  the  surface.  To  adjust  the  burette  for  titration  the  tap  is 
first  rapidly  and  then  gradually  turned  as  before,  until  the  mark  on 
the  float  is  opposite  the  zero  mark.  The  final  reading  is  taken  after 
titration  by  observing  the  graduation  opposite  to  the  mark  on  the 
float. 

PREPARATION  OF  NORMAL  ACID  AND  ALKALL— A  normal 
acid  and  alkali  are  frequently  used  in  volumetric  analysis,  and  their 
preparation  should  form  one  of  the  first  lessons  of  the  student.  By 
accurately  following  the  instructions  given,  correct  solutions  may  be 
piade  by  the  beginner. 

(1)  Normal  sulphuric  acid. 

— -  =49  grms.  per  litre. 

Strong  sulphuric  acid,  as  purchased,  having  a  specific  gravity  of  1*84 
at  15°  C,  has  a  strength  of  about  ?)G  times  normal ;  1  c.c.  dilut-ed  to 
36  c.c,  or  27-8  c.c.  diluted  to  1  litre,  would  therefore  possess  a  strength 
approximating  to  normal. 

Place  about  900  c.c.  of  distilled  water  in  a  litre  flask,  and  pour  in 
28  c.c.  of  the  strong  acid,  stirring  with  a  gla^s  rod,  in  order  to  mix 
thoroughly.  Allow  the  mixture  to  become  quite  cool,  lift  the  rod  out 
of  the  liquid  and  wash  with  a  jet  of  water  from  a  wash-bottle,  and 
add  water  up  to  the  mark.  The  mixture  should  now  be  poured  into 
a  large,  dry  beaker,  and  stirred  with  a  glass  rod  or  strip  to  ensure 
thorough  mixing. 

A  sample  of  the  solution  must  now  be  tested  in  order  to  accu- 
rately determine  its  strength . 

(a)  Standardising  the  acid  hy  precipitation  as  barium,  sulphate.-^ 
For  this  purpose  10  c.c,  or  better  20  c.c,  of  the  acid  are  transferred 
to  a  beakef  by  means  of  a  pipette,  diluted  with  water,  heated,  and 
precipitated  by  the  addition  of  barium  chloride.  The  precipitate  is 
treated  as  before  described.  For  the  acid  to  be  strictly  normal,  the 
weight  of  the  precipitate  of  BaSO^  should  be  exactly  1*165  grms.,  i^ 
10  c.c  were  taken,  and  2-8:5  if  20  c.c,  as  may  be  calculated  from  the 
equation, 

H,SO,  +  BaCl,  =  BaSO,  +  2HC1, 

remembering  that  the  weight  of  real  acid  in  a  litre  of  normal 
sulphuric  acid  is  one-half  of  that  represented  by  the  formula  H,SO|. 
Two  such  precipitations  should  be  performed  ;  if  these  agree  the  acid 
may  be  diluted  or  strengthened,  according  to  the  tigures  .obtained,  8^ 
as  to  make  its  strength  exactly  normal. 
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Example  (actual). 

10  C.C.  of  acid  prepared  as  above  gave  with  barium  chloride  a  pre- 
cipitate weighing  1*1824  grms. 

Check  10  c.c.  gave  1*1818  grms. 

Mean  =  1*1821  grms. 

The    acid    was    therefore    too    strong    in    the    proportion    of 

-— —  = It  was  therefore  necesssary  to  add  14*7  c.c.  of 

l*10t)vl  1 

water  to  every  litre  of  solution  to  make  the  acid  strictly  normal. 
After  dilution  and  mixing  10  c.c.  yielded  1*1()42  grms.,  showing  that 
the  acid  was  as  nearly  as  possible  normal. 

(6)  Standardising  the  acid  by  means  of  sodium. — A  piece  of  sodium 
is  freed  from  naphtha  by  pressing  between  the  folds  of  filter  paper. 
It  is  then  cut  rapidly  with  a  knife  so  as  to  present  a  perfectly  clean 
surface  on  all  sides,  and  transferred  by  a  knife  to  a  stoppered 
weighing  bottle  (whose  weight  has  previously  been  determined),  and 
then  weighed.  From  three-quarters  of  a  gram  to  a  gram  will  be  found 
a  convenient  quantity  for  this  experiment. 

The  sodium  is  now  dropped  from  the  weighing  bottle  into  a  tlask 
of  about  350  c.c.  capacity,  containing  about  100  c.c.  of  pure  alcohol 
in  which  the  sodium  dissolves  quietly.  The  flask  should  be  inclined, 
so  that  a  stream  of  water  may  be  allowed  to  run  over  it  while  the 
sodium  is  dissolving.  After  the  sodium  has  dissolved  the  solution  is 
diluted  with  its  own  bulk  of  water,  and  a  few  drops  of  methyl  orange 
indicator  or  litmus  added.  The  acid  to  be  tested  is  now  run  in  care- 
fully from  a  burette  until  the  indicator  just  turns  colour.  The 
approximate  amount  of  acid  required  being  easily  calculated  from 
the  amount  of  sodium  taken,  one  titration  will  be  sufficient  if  the 
last  two  or  three  cubic  centimetres  be  added  gradually.  The  acid 
is  then  corrected  to  normal  by  adding  the  requisite  amount  of 
water  or  strong  acid,  as  indicated  by  the  calculation.  Instead 
of  j  adding  more  acid,  the  liquid  may  be  evaporated  or  boiled 
down.  Water  only  evaporates,  so  that  the  solution  of  acid  be- 
comes stronger. 

Example  (actual). 

0*6210  grm.  of  sodium  required  258  cubic  centimetres  of  acid. 

Check  0*7130  grm.  required  21)7  c.c. 

From  the  definition  of  a  normal  solution  28  grms.  of  sodium 

should  require  1000  c.c.  of  normalacid;  therefore  ()()21  should  require 

1000x0*621     ^^  r.  jATio   u     n         •     1000x0-718     oi  a 

=27*0c.c.,and  0*713  should  require =  81-0 

23  ^23 

c.c.  The  acid  was  therefore  too  strong  in  the  ratio  of   -^—  or  ^-^-^  and 

was  diluted  by  adding  12  c.c.  of  water  to  every  258  c.c.  of  acid,  as 
indicated  by  the  first  ratio.  After  mixing  it  was  again  tried,  when 
0*658  grm.  of  sodium  required  28-G  c.c.  of  acid,  showing  it  to  be 
strictly  normal. 

The  sodium  method  in  careful  hands  is  very  good,  and  takes  but 
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n  short  time.  Vnfortunately  all  samples  of  sodium  are  not  quite 
pure. 

Another  method  is  to  weigh  out  a  few  grams  of  pure  dry  sodium 
carbonate,  dissolve  in  a  known  volume  of  water,  and  titrate  hot,  if 
litmus  be  used  as  indicator  (see  below). 

Copper  sulphate  can  be  obtained,  as  before  described,  in  a  very 
pure  state  by  reci-ystallisation.  When  a  solution  of  this  salt  is 
electrolysed,  using  platinum  pole  plates,  pure  sulphuric  acid  is  left. 
:^41)  grms.  of  the  salt  should  yield  08  of  sulphuric  acid. 

It  will  be  evident  that  quite  a  small  quantity,  say  2*49  grms.,  will 
give  sutlicient  acid  to  fix  the  strength  of  an  alkali  solution. 

It  is  not  advisable  to  attempt  to  weigh  out  this  quantity,  but  to 
take  a  quantity  in  that  region  and  calculate  the  amount  of  water 
required  for  dilution  to  standard  strength. 

Having  obtained  an  exactly  normal  acid  by  the  above  means,  a 
normal  alkali  nmy  readily  be  obtained,  as  it  is  only  requisite  to  adjust 
the  strength  so  that  it  exactly  neutralises  an  equal  volume  of  normal 
acid.  For  a  normal  alkali  either  pure  sodium  carbonate  or  sodium 
hydroxide  may  be  used. 

Preparation  of  normal  sodium  carbonate : 

(2)  Normal  sodium  carbonate. 

— ^- — -5 =  o3  grms.  per  litre. 

A  quantity  of  pure  anhydrous  sodium  carbonate  is  gently  heated 
in  a  platinum  vessel  and  allowed  to  cool.  53  grms.  are  then 
accurately  weighed  and  dissolved  in  water  in  a  beaker.  The 
solution  is  then  transferred  to  a  litre  flask,  the  beaker  washed  and 
the  washings  added,  and  water  then  added  up  to  the  mark.  It  is 
mixed  by  pouring  into  a  dry  beaker  and  stirring,  and  returned  to 
the  flask.  To  test  its  accuracy  .")()  c.c.  are  measured  out  in  a  pipette 
and  transferred  to  a  beaker.  About  200  c.c.  of  water  are  added,  and 
a  few  drops  of  metliyl  orange  indicator.  The  normal  sulphuric  acid 
previously  prepared  is  run  in  from  a  burette,  when  exactly  50  c.c 
should  be  required.  If  too  strong  or  too  weak,  the  amount  of  water 
or  sodium  carbonate  to  be  added  may  be  calculated  as  previously 
explained. 

The  sodium  carbonate  may  also  be  taken  as  the  standard  sub- 
stance, and  the  acid  strength  fixed  or  based  upon  it. 

J^OTE. — A  beaker  or  flask  of  at  least  500  c.c.  capacity  should  be 
used  for  this  titration,  so  as  to  avoid  loss  by  spirting  caused  by  the 
evolution  of  carbon  dioxide  gas. 

If  the  strength  of  the  sulphuric  acid  has  been  fixed  by  the  barium 
sulphate  method  the  alkali  solution  may  be  more  quickly  made  by 
dissolving  about  43  grms.  of  sodium  hydroxide  in  water  and  making 
up  the  volume  of  solution,  after  cooling  to  15°  C,  to  1  litre.  On 
testing  this  against  the  acid  it  will  be  found  too  strong.  Perhaps 
46  c.c.  of  the  sodium  hydroxide  solution  will  neutralise  50  c.c.  of  the 
acid,  in  which  case  every  46  c.c.  of  the  alkali  solution  will  evidently 
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require  the  addition  of  4  c.c.  water  to  reduce  to  correct  strength. 
This  principle  will  now  be  readily  understood. 

By  the  aid  of  a  standard  acid  and  alkali  a  great  number  of 
experiments  may  be  performed.  A  good  exercise  is  to  find  the 
strength  in  normals  of  some  of  the  common  laboi'atory  reagents. 
Thus  the  strong  hydrochloric  acid,  of  sp.  gr.  1-10,  will  be  found  to  be 
about  10  N ;  the  strong  nitric  acid,  of  sp.  gr.  1  42,  10  N  ;  the  strong 
ammonium  hydrate,  sp.  gr.  -88,  17  N;  and  so  on.  Quantities 
should  be  taken  so  as  to  require  about  50  c.c.  of  the  standard  acid  or 
alkali  so  that  the  operation  may  be  performed  without  having  to 
refill  the  burette ;  such  quantities  may  be  calculated  roughly  by 
reference  to  the  figures  given.  In  doing  this  several  grams  or  cubic 
centimetres  of  the  strong  acid  or  alkali  are  diluted  or  dissolved  in 
water  up  to  a  considerable,  but  of  course  accurately  known,  volume. 
For  instance,  if  20  grms.  of  sulphuric  were  weighed,  then  500  or 
even  1000  c.c.  would  not  be  too  great  a  volume  for  it  to  be  diluted  to 
for  titration.  A  knowledge  of  the  chemical  strength  of  reagents  is 
thus  obtained,  and  the  amount  required  to  dissolve  any  given  sub- 
stance may  be  easily  deduced.  For  example,  if  it  be  required  to 
know  how  many  c.c.  of  strong  HCl  are  required  to  dissolve  10  grms, 
of  chalk,  it  is  seen  from  the  equation 

CaCO,  +  2H01  =  CaCl,  +  H,0  +  CO, 
100  71 

that  100  grms.  of  chalk  require  71  grms.  of  HCl  =  2  litres  of  N.  HCl. 
Therefore  10  grms.  require  200  c.c.  of  N.  HCl  =  20  c.c.  of  10  N  or 
strong  acid.     The  value  of  such  calculations  is  quite  evident. 

Ammonia  solution,  nitric  acid,  and  other  fuming  liquids  must  be 
weighed  in  small  stoppered  bottles,  as  when  exposed  to  air  they  are 
losing  strength  every  minute.  In  the  case  of  ammonia  (ammonium 
hydroxide)  it  is,  for  the  same  reason,  advisable  when  titrating  to 
quickly  add  to  an  excess  of  acid,  and  this  excess  ascertained  by  the 
addition  of  normal  alkali.  As  the  two  solutions  match  they  are  like 
the  arms  of  a  balance.  If  too  much  of  one,  acid,  be  used,  the  excess 
can  be  neutralised  by  the  alkali,  the  difference  being  due  to  the 
substance  under  trial.  Thus  if  10  c.c.  of  a  weak  ammonia  solution 
be  put  into  50  c.c.  of  N  acid  it  is  much  more  than  neutralised,  and 
may  require  the  addition  of  35  c.c.  of  N  alkali  to  balance.  The 
quantity  of  N  acid  used  on  the  ammonia  solution  was  therefore 
50  -  35  =  15  c.c,  or  the  10  c.c.  contained  15  x  -017  NH3. 

In  performing  a  titration  of,  say,  a  sodium  hydroxide  sample 
weigh  out  a  few  grams  into  a  beaker  or  dish,  dissolve  in  a  small 
volume  of  water,  pour  this  into  a  graduated  flask — say  500  c.c. — wash 
out  the  beaker  in  which  the  solution  was  made  by  repeated  svmU 
quantities  of  water  until  absolutely  all  the  substance  has  gone,  and 
finally  make  up  exactly  to  the  mark  on  the  neck  from  the  wash-  bottle, 
being  careful  to  bring  the  temperature  of  the  solution  to  as  nearly 
15°  0.  as  possible  before  adding  the  final  water.  Now  shake 
thoroughly,  take  50  c.c.  into  a  dish,  dilute  with  three  or  four  times 
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an  much  water,  add  a  few  drops  of  litmus,  and  then  commence  the 
addition  of  N  acid  until  the  litmus  changes  just  to  red. 

Suppose  7*'»  grms.  of  a  "soda"  had  been  weighed  and  dissolved 
in  r»OU  c.c.  water,  and  r>0  c.c.  of  this  "  soda  "  liquid  required  8  c.c.  of  N 

acid.     Each  c.c.  of  N  acid  contains '040  grm.of  H^SO^.      — ^ — *~' 

is  equivalent  to-- ^-  ~ — ,  or  each  c.c.  of  acid  is  equivalent  to  '040 

of  sodium  hydroxide.    Therefore  the  50  c.c.  of  "  soda  "  are  equivalent 

to  -(UO  xX^  ':^'2i)  NjiOH,  and  this  amount  was  contained  in  50  c.c.  or 

one- tenth  of  the  original  substance.     Therefore  in  7*5  grms.  of  this 

8*20  X  100 
*'soda"  :]"20  grms  were  NaOH;  that  is,  — ^^-i^z —  =42'G  per  cent. 

One  advantage  of  making  up  a  solution,  to  be  tested,  to  a  con- 
siderable volume  is  that  the  experiment  may  be  several  times 
repeated.  The  results  may  not  be  absolutely  the  same  each  time,  but 
should  differ  but  a  few  tenths  of  a  cubic  centimetre.  The  mean  of 
three  or  four  near  results  can  then  be  taken. 

Potassium  2)erjnangatiate  is  one  of  the  most  powerful  oxidising 
agents  known.  Whether  as  a  solid  or  in  solution  in  water  it  can 
easily  give  up  a  certain  quantity  of  its  oxygen  content.  Its  com- 
position is  represented  by  the  formula  KjMn,Og,  and  under  ordinary 
circumstances  tive-eighths  of  this  oxygen  (  =  80)  is  given  up.  It  is 
generally  necessary  that  an  acid,  such  as  sulphuric,  be  present  at 
the  same  time,  otherwise  the  oxides  of  potassium  and  manganese  are 
liberated,  and  may  possibly  interfere  with  the  progress  of  the  reaction. 
For  example,  alcohol  is  oxidised  by  this  substance  to  aldehyde  and 
acetic  acid,  but  unless  some  sulphuric  acid  be  present  some  potassium 
acetate  and  solid  manganese  dioxide  are  produced.  The  latter 
somewhat  impedes  the  reaction. 

Alkali  2)Pn7uin(/anates  alone  are  soluble  in  water.  They  have 
very  great  tinctorial  power.  A  litre  of  water  may  be  tinted  pink 
by  a  quantity  of  potassium  permanganate  too  small  to  be  indicated 
by  any  balance.  The  colour  of  the  permanganate  is  the  indicator.  As 
oxygen  is  taken  from  it  the  colour  fades.  When  the  substance  has 
become  fully  oxidised  the  colour  of  the  least  excess  of  permanganate 
remains.  With  mineral  compounds,  salts,  &c.,  of  metals  its  action  is 
comparatively  simple.  Thus  sulphurous  acid  becomes  sulphuric, 
ferrous  oxide  ferric,  &c.  With  some  carbon  compounds  its  oxidising 
action  is  sometimes  more  complex. 

PREPARATION  X>F  DECINORMAL  PERMANGANATE 
SOLUTION.  —  The  I  molecular  weight  of  the  potassium  salt 
KoMn^Oy  =  ol().  Tt  isinot  sufficiently  soluble  to  allow  of  this  quantity 
in  grams  being  dissolved  in  a  litre  of  water,  nor  would  such  a 
strong  solution  be  <  convenient  or  accurate  in  use.  A  tenth  or 
decinormal  solution,  or  even  a  centinormal  one,  is  preferable^ 

As  the  available  oxygen  is  represented  by  5  atoms  in  the  aboW 
,  formula ,  and  as  oxygen  is  divalent,  or-equiv-alent  to  2H,  it  follows  tha^ 
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:— ? 1— ?  will  be  the  weight  of  salt  in  a  litre  of  a  normal  solution 

5x2 

and  — ^ i_§  =  3'16  grms.  the  weieht  of  salt  in  a  litre  of  decinormal 

strength. 

Dry  a  quantity  of  pure  potassium  permanganate  crystals  by 
gently  warming,  and  after  cooling  weigh  out  exactly*  8'IG  grms. 
Transfer  this  to  a  beaker,  dissolve  in  water,  and  pour  the  solutions 
info  a  litre  flask.  The  crystals  dissolve  rather  slowly,  and  it  is  advis- 
able to  pour  the  first  water  into  the  graduated  flask  after  being  in 
contact  with  the  crystals  for  about  five  minutes,  stirring  being 
frequently  resorted  to.  Fresh  water  is  then  poured  over  the 
remaining  crystals,  and  so  on  until  the  solution  is  completed.  The 
beaker  is  then  thoroughly  rinsed  out,  the  washings  being  poured  into 
the  flask,  and  water  added  to  the  mark.  Mix  as  usual  by  pouring 
into  a  beaker  and  stirring  and  returning  to  the  flask. 

STANDARDISING  THE  POTASSIUM  PERMANGANATE 
SOLUTION. — The  best  method  of  obtaining  the  exact  strength  of 
the  solution  is  by  employing  ferrous  ammonium  sulphate,  which  may 
be  obtained  pure.  This  salt  is  also  convenient  for  calculation,  as  it 
contains  exactly  one-seventh  its  weight  of  iron,  as  will  be  apparent 
from  the  formula,  FeSO^,(NH4)2S04,6H20,  the  atomic  weight  of  iron 
being  56.  (See  also  ante.)  When  acted  upon  by  potassium  per- 
manganate in  the  presence  of  sulphuric  acid,  the  following  reaction 
takes  place  (neglecting  crystal  water)  : 

KjMn,0,  +  10Fe(NHJ,(SOJ,  +  8H,S0,  -  r)Fe^(S0j3  +  ^MnSO, 

From  the  above  equation  it  will  be  seen  that  3 10  grms.  of  per- 
manganate react  with  10x56  =  560  grms.  of  iron.  Therefore  3-16 
grms.,  or  1  litre  of  decinormal  solution,  would  react  with  5-6  grms. 
of  iron,  and  100  c.c.  would  react  with  '56  grms.  of  iron,  and  1  c.c.  react 
or  be  equivalent  to  '0056  of  the  metal  or  give  0008  of  oxygen.  The 
weight  of  ferrous  ammonium  sulphate  containing  this  quantity  of 
iron  is  '56  x  7  =  3-92  grms.  Weigh  out  about  1*5  grms.  of  the  pure 
salt,  dissolve  in  cold  water  in  a  beaker,  and  add  dilute  sulphuric  acid 
to  make  the  solution  nearly  normal  in  strength.  This  may  be  ac- 
complished by  adding  to  the  water  solution  about  one-eighth  its  bulk 
of  1  in  5  sulphuric  acid.  Then  run  in  the  permanganate  solution  until 
tbe addition  of  one  drop  produces  a  permanent  pale  pink  colour  in  the 
liquid.  The  colour  may  be  detected  more  easily  if  the  beaker  be 
allowed  to  stand  on  a  sheet  of  white  paper ;  better  still  if  a  white 
porcelain  dish  be  employed.     The  amount  of  solution  used  should 

*  Note  that  it  is  sometimes  very  difficult  to  weigh  out  any  particular 
*inoant  of  a  sabstance.  If  100  grms.  are  wanted  to  be  dissolved  in  1000  c.c. 
''ater,  as  nearly  100  grms.,  say  98*7000,  are  weighed,  and  then  obviously  the 
proportionately  less  amoont  of  water  used. 
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he  siu'h  that  -  -'*-'—     -  -'  '-  — should  equal  100,  as  o*02  ffrms.  of 

\vei»rht  ol  ^J»lt  taken  *  ^ 

the  Siilt  require  KM)  c.c. 

Example  (actual). 

(<i)  r()l  grms.  of  ferrous  ammonium  sulphate  required  4M  c.c. 
of  permanganate  sohition : 

(A)  \''tiH\  gi'ms.  required  *^><'i  c.c. 


:M)2  X  4M 


im;i 

:M)2  X  8S'4 


=  100-0. 
-  100-0. 


The  sohition  was  tlierefore  practiciiUy  decinormal. 

,^jy  permanganate  can  be  employed  to  ascertain  the  amount  of  iron 
in  any  iron  compound.  The  substance  should  be  in  sulphuric  acid 
solution,  and  halogen  siilt^s  he  absent,  or  if  present  the  solution  be 
highly  diluted.  Jt  is  advisable  that  all  iron  solutions  be  well  diluted. 
The  action  is  particularly  rnpid  and  takes  place  cold. 

Iron  in  the  ferric  state  must  be  "reduced  "  to  ferrous  before  the 
employment  of  i)ermanganate.  This  may  be  accomplished  in  various 
ways. 

A  ferric  iron  solution,  the  sulphate,  is  rapidly  reduced  by  boiling 
with  pure  zinc.  Free  sulphuric  acid  must  be  present.  Aluminium 
or  magnesium  may  sometimes  be  used  for  this  purpose.  Boiling  with 
sodium  sulphite  will  also  reduce  the  iron,  but  care  must  be  taken 
that  eveiy  trace  of  the  sulphurous  acid  is  expelled. 

OXALIC  ACID.  HjCj^C.),,  and  all  oxalates  are  oxidisable  by  perman- 
ganat(\  Oxalic  acid  on  oxidation  is  decomposed  into  two  molecules 
of  carbon  dioxide  and  one  of  water;  or  HjCjO^  +  O  =  H^O  +  2C0,. 
The  molecular  weight  of  the  anhydrous  acid  is  2  +  24  +  64  =  90. 
So  that  1)0  grms.  of  the  acid  require  1 0  grms.  of  oxygen  for  oxidation. 
But  the  permanganate  contains  but  -0008  of  available  oxygen  perc.c, 
and  is  tlierefore  equivalent  to  •0045  of  oxalic  acid.  The  ordinary 
acid  contains  two  molecules  of  water. 

Many  metallic  oxalates  are  insoluble  in  water.  They  as  well 
as  the  free  acid  are  oxidised  by  permanganate  in  warm  dilute  sul- 
phuric acid  solution.  For  experiment  the  acid  is  dissolved  in  water 
acidulated  with  sulphuric  acid,  and  a  measured  volume  heated  to 
about  80°  before  the  permanganate  is  added. 

Many  metals,  such  as  calcium,  the  oxalates  of  which  are  in* 
soluble  in  water,  can  be  estimated  by  permanganate,  by  being  preci- 
pitated as  oxalate,  the  salt  washed  free  from  acid,  mixed  with  dilute 
hot  sulphuric  acid  and  titrated  hot.  Calcium  oxalate  has  the  com- 
position CaC204  =  40 +  24  +  04  =  128.  This  would  require  IG  oi 
oxygen,  but  as  the  permanganate  gives  '0008  per  c.c,  each  c.c.  is 
equivalent  to  '0020  of  calcium. 
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Oxalates  of  other  metals,  as  copper,  zinc,  nickel,  should  be  made 
y  the  student  and  investigated  by  the  permanganate  method. 

ODINE  AS  AN  OXIDISING  AGENT.— Iodine  in  the  presence  of 
rater  acts  as  a  gentle  oxidising  agent  similarly  to  chlorine.  For 
Q stance,  SO,,  AsjO,,  H,S,  and  many  other  substances  can  be 
xidised  a  definite  stage.  On  the  other  hand,  an  iodide  like  potas- 
iuna  iodide  is  easily  oxidised,  or,  at  any  rate,  decomposed  so  that 
ree  iodine  results.  The  colour  of  free  iodine  is  almost  a  good 
nough  indication  by  itself,  but  in  contact  with  staich  an  extremely 
mall  amount  of  iodine  is  made  evident.  With  sodium  thiosul- 
hate  iodine  acts  in  a  very  definite  manner  as  far  as  the  iodine  is 
oncerned,  a  perfectly  colourless  compound  being  produced. 

The  two  solutions  iodine  and  thiosulphate  can  therefore  be  used 
8  a  sort  of  couple  for  volumetric  work,  and  are  spoken  of  as  **  iodine 
nd  thiosulphate."  They  can  be  employed  both  in  cases  of  oxidation 
nd  reduction,  and  in  consequence  have  a  more  extended  applica- 
ion  than  many  other  volumetric  solutions.  The  above  are  instances 
f  oxidation,  the  action  with  SO,,  or  sulphites,  being  : 

SO,  +  2H,0  +  I,  =  2HI  +  H,SO,. 

Oxidising  agents,  as  chlorine  or  nitrous  acid,  liberate  iodine  from 
il  and  other  iodides.     Thus  :  CI,  +  2KI  =  2KC1  +  I,. 
With  sodium  thiosulphate  the  action  is  : 

2Na,SS03  +  T^  =  2iSraI  +  Na,S,0,. 

Chlorine  and  bromine  act  much  more  energetically  than  this, 
producing  sulphuric  acid  as  one  product. 

PREPARATION  OF  A  DECINORMAL  SOLUTION  OF  IODINE. 

Iodine  =-— =  12*65  grms.  per  litre. 

Iodine  as  purchased  is  not  sufticiently  pure  for  this  purpose, 
and  must  be  purified  before  being  employed.  A  simple  method  for 
purification  is  to  grind  up  ordinary  iodine  with  about  one-fourth  its 
height  of  potassium  iodide  and  then  heat  gently  in  a  dish  covered 
^ith  a  funnel.  Pure  iodine  will  then  sublime  and  deposit  on  the 
sides  of  the  funnel,  any  bromine  or  chlorine  which  may  be  present 
^mbining  with  the  potassium  and  liberating  an  equivalent  of 
iodine.  The  crystals  of  sublimed  iodine  are  collected  in  a  weighing 
^ttle,  which  should  be  kept  in  a  desiccator  over  sulphuric  acid, 
^e  bottle  +  iodine  is  weighed,  the  weight  of  bottle  being  known, 
?^i»e  bulk  of  solution  of  -^  strength  which  may  be  made  by  the 
^ine  present  may  then  be  calculated  as  follows  : 

Let  a;  =  weight  of  iodine. 

Then,  since  ^u  solution   contains    12- (15   grms.    per  litre,  the 

fequirei  bulk  of  solution  will  be  -   ^  ^^J^J^^-^-. 

12G5 
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Example. 

Weight  of  bottle  +  iodine  =  25-7050  grms. 
„         bottle  only  18-2800     „ 

iodine  =     7*4250     „ 

,       7-4250  X  1000 
Bulk  of  solution  required  = ^oTa =  5861)  c.c. 

The  vessel  containing  the  iodine  is  now  placed,  quickly,  in  a 
beaker  containing  a  solution  of  potassium  iodide,  nearly  twice  as 
much  of  the  iodide  as  there  is  iodine  by  weight.  The  reason  for 
this  is  that  iodine  is  scarcely  soluble  in  water  alone,  but  appears  to 
form  double  iodides — tri-iodides  (?) — which  in  the  case  of  the  alkali 
ones  are  very  soluble. 

The  solution  is  now  transferred  to  a  convenient  measuring  flask 
of  less  than  the  required  bulk  of  liquid.  The  beaker  is  carefully 
washed  with  potassium  iodide  solution,  this  water  all  going  into 
the  measuring  flask,  which  is  finally  filled  to  the  mark.  The  remain* 
ing  odd  cubic  centimetres,  and  fractions,  of  water  required  are  run 
into  a  large,  dry  beaker  from  a  burette,  the  contents  of  the  flask  is 
then  poured  into  this  beaker,  and  the  whole  well  mixed  by  stirring. 
The  flask  should  be  rinsed  out  with  the  mixture,  and  the  rinsings 
poured  back.  The  solution  is  then  ready  for  use.  It  must  not  be 
exposed  to  air,  but  kept  in  a  stoppered  bottle. 

The  above  7*  125  grms.  of  iodine  were  dissolved  in  150  c.c.  of 
water  containing  about  11  grms.  of  potassium  iodide,  and  the  solu- 
tion transferred  to  a  500  c.c.  flask.  As  the  final  bulk  required  was 
586'9  c.c,  50  c.c.  were  delivered  into  a  dry  beaker  from  a  pipette, 
and  the  remaining  86*9  from  a  burette.  The  whole  was  then  mixed 
as  described. 

N.B. — This  iodine  solution  will  keep  unchanged  for  a  long  tinie 
in  a  stoppered  bottle  if  the  bottle  be  wrapped  with  brown  paper  to 
exclude  light  or  if  kept  in  a  cupboard. 

PREPARATION  OF  A  DECINORMAL  SOLUTION  OF  SODIUM 
THIOSULPHATE. 

L_i_i! L-  =  24-8  grms.  per  litre. 

When  iodine  reacts  with  sodium  thiosulphate,  the  equation  which 
represents  the  reaction  is  as  follows : 

2Na,S,03  +  ^3  =  2^al  +  Na.,S,Og. 

From  this  it  will  be  seen  that  only  one-half  of  the  sodium  reacts 
with  the  iodine ;  hence  the  weight  expressed  by  Na,S,O3,6H,0  id 
grms.  will  be  contained  in  a  litre  of  normal  solution,  and  one-tenth 
of  this  amount  in  a  litre  of  decinormal. 

Pure  crystals  of  thiosulphate  are  powdered  and  dried  bypresfliD^ 
between  the  folds  of  blotting  paper ;  24*8  grms.  are  then  weighed 
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out  accurately,  or,  as  before  stated,  the  pioportionate  amotint  of  water 
added,  dissolved  in  water,  and  the  bulk  made  up  to  a  litre. 

Preparation  of  starch  indicator, — About  60  c.c.  of  water  are' 
placed  in  a  large  test-tube ;  as  much  starch  powder  as  would  cover  ai 
sixpenny  piece  is  added,  and  the  solution  heated  and  allowed  to  cool. 
This  indicator  should  be  freshly  made  each  time  it  is  required  for  ai 
given  set  of  titrations.  As  is  well  known,  such  a  starch  solution 
strikes  a  deep  blue  colour  with  iodine,  which  is  destroyed,  however, 
by  an  excess  of  sodium  thiosulphate.  Hence  it  may  be  used  to 
'determine  accurately  the  end  reaction  between  the  two  solutions. 

TITRATION  OF  THIOSULPHATE  SOLUTION  BY  IODINE 
SOLUTION. — 25  c.c.  of  thiosulphate  solution  prepared  as  above  are 
■placed  in  a  beaker ;  about  75  c.c.  of  water  and  a  little  starch  solution 
are  added.  The  iodine  solution  is  then  run  in  from  a  burette  until 
•one  drop  produces  a  permanent  blue  colouration,  showing  the  com- 
pletion of  the  reaction. 

Example  (actual). 

25  c.c.  of  thiosulphate  solution  required  24:*8  c.c.  of  iodine  solution 

Check  25  c.c.  of  thiosulphate  solution  required  24:* 7  c.c.  of  iodine 
soltrtion. 

The  thiosulphate  solution  was,  therefore,  too  weak,  and  was 
brought  to  standard  strength  by  evaporating  until  its  bulk  was  re- 
duced to  .f-JJ  of  the  original.*    It  was  then  found  to  be  correct. 

The  converse  of  this  titration,  i.e.,  running  the  thiosulphate 
"solution  into  the  iodine,  is  conducted  by  adding  the  former  until 
the  iodine  solution  has  only  a  faint  yellow  tinge,  then  adding  the 
starch  indicator,  and  running  in  the  thiosulphate  solution,  drop 
by  drop,  until  the  colour  is  just  discharged.  The  solutions  must 
bi»  agitated. 

PREPARATION  OF  A  STANDARD   SOLUTION  OF   SILVER 

NITRATE. — The  reaction  between  silver  nitrate  and  soluble  chlorides 

may    be    represented  as   follows:  AgN03  +  NaCl  =  AgCl  +  NaKOj^. 

For  most  analyses  silver  nitrate  is  usually  made  into  a  solution  of 

such  strength  that  1  c.c,  is  the  equivalent  of  O'OOl  grm.  of  chlorine, 

such  solution  being  found  most  convenient  for  the  titrations  in 

>vhich  the  salt  is  employed.     As  108  grms.  of  silver  combine  with 

108 
35-5  of  chlorine,  it  follows  that  -— yr  =  3*042  grms.  will  combine  with 

o'0"0 

1  grm.  of  chlorine.  If,  therefore,  a  solution  be  made  so  that  1  litre 
contains  3*042  grms.  of  silver,  every  c.c.  would  be  the  equivalent  of 
0*001  grm.  of  chlorine.  The  solution  may  be  prepared  by  weighing 
out  this  quantity  of  silver  and  treating  with  nitric  acid ;  but  it  is 
much  more  convenient  in  practice  to  use  the  prepared  salt,  silver 
nitrate,  4*788  grms.  of  which  contains  3*042  grms.  of  silver. 

♦  It  is  best  to  evaporate  a  little  too  much  and  again  titrate.     Standing  in* 
an  open  dish  in  a  dry  place  will  often  be  sufficient. 
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4-788  grms.  of  the  salt  are  weighed  out  accurately  and  dissolved 
in  water,  or  a  quantity  weighed  and  the  calculated  amount  of  water 
added,  as  previously  mentioned,  and  the  bulk  made  up  to  1  litre.  The 
solution  is  thoroughly  mixed  in  the  usual  way,  and  is  then  ready  for 
use.  It  should  be  standardised  by  transf en-ing  50  c.c.  to  a  beaker  by 
the  aid  of  a  pipette,  precipitating  with  HCl,  and  weighing.  The  pre- 
cipitate should  weigh  0*2021  grm.  (as  may  be  calculated)  ;  and  the 
solution  should  be  weakened  or  strengthened  as  in  the  previous  cases, . 
according  as  the  precipitate  weighs  more  or  less  than  the  above 
amount. 

Silver  nitrate  may  be  used  for  titrations  in  two  ways  :  first,  by 
using  potassium  chromate  as  an  indicator,  in  which  case  the  solution 
must  be  neutral ;  secondly,  by  observing  the  point  when  no  further 
precipitation  is  caused  in  the  liquid  undergoing  titration.  An 
example  of  each  of  the  above  methods  is  given  in  illustration. 

Eatimation  of  chlorine  in  ordinary  water, — 100  c.c.  of  the  sample  of 
water  aie  placed  in  a  beaker,  and  three  or  four  drops  of  potassium 
chromate,  K^,CrO^,  solution  added.  The  silver  nitrate  solution  is  then 
run  in  from  a  burette  at  the  rate  of  two  drops  per  second,  until  a 
distinct  red  tinge  appears  in  the  liquid.  A  reading  is  now  taken, 
and  another  100  c.c.  of  the  water  submitted  to  titration,  care  beiDg 
taken,  as  in  the  previous  estimations,  to  run  in  the  last  few  drops 
carefully,  so  that  the  end  of  the  reaction  may  be  exactly  determined. 
Any  indetiniteness  in  the  colour  may  be  obviated  by  adding  a  little 
salt  solution  to  the  contents  of  the  beaker  in  whicji  the  first  rough 
titration  has  been  performed  and  stirring,  when  the  red  colour  will 
disappear,  and  the  solution  may  be  used  for  comparison  with  the 
one  undergoing  the  more  accurate  titration.  When  one  drop  of  the 
silver  nitrate  solution  produces  a  deeper  tint  than  that  possessed  by 
the  standard,  the  reaction  is  completed.  Extremely  accurate  tit^fi- 
tions  may  be  made  in  this  manner. 

The  action  of  the  indicator  depends  upon  the  fact  that  in  a 
solution  containing  chlorides  and  a  chromate  the  red  silver  chromate 
does  not  precipitate  until  the  whole  of  the  chlorine  present  has  com- 
bined to  form  silver  chloride. 

Example. 

100  c.c.  of  well  water  required  l^'l  c.c.  of  standard  silver  nitrate 
solution. 

Check  100  c.c.  required  42*3  c.c. 

Since  1  c.c.  of  standard  silver  nitrate  =  '001  grm.  of  chlorinef 
there  was  0 '04:2 3  grm.  of  chlorine  present  in  100  c.c.  of  solution 
*=  42o  parts  per  100,000.  This  sample  was  contaminated  by 
sewage. 

Solutions  of  brine  or  sea-water  may  be  titrated  by  the  above 
method,  and  will  form  useful  exercises  for  the  student. 

Estimation  of  chlorine  in  co-mmon  salt  or  soluble  chlorides  byprecipi- 
tation  method, — Weigh  out  about  008  grm.  of  the  dried  specimen^  and 
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transfer  to  a  stoppered  bottle  of  about  200  c.c.  capacity.  Dissolve  in 
about  100  c.c.  of  water,  and  add  tbe  silver  nitrate  solution  1  c.c.  at  a 
time,  placing  the  stopper  in  the  bottle  and  shaking  well  after  the  addi- 
tion of  each  c.c.  The  precipitate  of  silver  chloride  formed  will  by  this 
means  speedily  settle  to  the  bottom  of  the  bottle,  leaving  the  liquid 
clear.  This  process  is  repeated  until  a  given  c.c.  of  liquid  reagent 
ceases  to  produce  a  cloud  in  the  solution,  when  the  reaction  has  been 
completed.  A  second  estimation  is  now  made,  running  in  the  whole 
amount  previously  used,  less  2^  c.c,  at  one  operation.  The  silver 
nitrate  is  low  added  drop  by  drop,  shaking  between  each  drop  again 
being  resorted  to,  until  a  given  drop  is  seen  to  produce  no  precipitate, 
when  the  reading  of  the  burette  may  be  taken. 

By  preparing  a  standard  solution  of  common  salt  equal  in  strength 
to  the  silver  nitrate  solution  (an  operation  tbe  student  should  now 
be  able  to  perform),  the  reverse  of  the  above  process  may  bo  used, 
and  tbe  amount  of  silver  in  a  solution  estimated  by  running  in  the 
standard  salt  solution.  An  excellent  exercise  for  this  purpose  is  to 
estimate  the  silver  in  a  silver  coin,  by  dissolving  a  weighed  quantity 
in  nitric  acid,  and  adding  the  standard  salt  solution  in  precisely  the 
same  way  as  the  silver  nitrate  is  used  in  the  precipitation  process. 
A  convenient  quantity  of  the  coin  to  take  for  the  purpose  is  about 
O'l  grm. ;  or  about  'bgrm,  of  the  coin  maybe  dissolved  in  nitric  acid 
in  a  beaker,  the  solution  transferred  to  a  250  c.c.  flask,  and  water 
added  to  the  mark.  After  mixing,  50  c.c.  may  be  withdrawn  with  a 
pipette  for  titration,  and  the  result  checked  by  repeating  the  process 
on  another  50  c.c.  of  the  solution. 

Any  doubt  as  tb  whether  the  reagent  has  been  added  in  excess 
may  be  decided  by  adding  the  converse  reagent  drop  by  drop.  The 
first  drop  should  produce  a  slight  precipitate,  the  second  nil.  If  the 
end  reaction  has  been  considerably  exceeded  the  amount  of  converse 
reagent  required  to  react  with  the  excess  must  be  deducted  from  the 
amount  of  solution  used. 

Example. 

•5  grm.  of  a  silver-copper  alloy  was  dissolved  in  about  5  c.c.  of 
strong  HMO3,  the  solution  and  washings  transferred  to  a  measuring 
flask  and  diluted  to  250  c.c. 

50  c.c.  of  this  solution  was  transferred  by  a  pipette  to  a  bottle, 
a  little  water  added,  and  standard  salt  solution  run  in  as  above  de- 
scribed.    Since  every  c.c.  of  solution  contained  001  grm.  of  chlorine, 

the  silver  equivalent  of  1  c.c.  would  be  ='003042  grm. 
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of  silver. 

Ist,  50  C.C.  required  240  c.c.  of  standard  salt  solution. 

2nd,  50  c.c.  required  23*8  c.c.  of  standard  salt  solution. 

Since  one-fifth  of  weighed  amount  was  taken,  the  silver  present 
in  total  amount  taken  =  23-8  x  -003042  x  5  =  -362  grm. 

:  Or , calculated asa  percentage,^ ^ =  72  4  per  cent,  of  silver 

»  '         *5 
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PREPARATION  OF  A  DECINORMAL  SOLUTION  OF  POTAS- 
SIUM  DICHROMATE.— K,Cr,0,  =  295  =  3  atoms  =  48  available 

oxygen,  equivalent  to  GH,  or  V^=  4*915  grms.  per  litre. 

When  potassium  dichromate  reacts  on  a  ferrous  salt  in  the  pre- 
sence of  an  acid,  the  latter  is  oxidised  to  the  ferric  state,  as  may  be 
expressed  by  the  following  equation  : 

K,Cr,0,  +  (IFeSO,  +  7H,S0,  =  BFe,(S0,)3  +  Cr,(S0,)3  +  K,SO,  +  7H,0. 

As  in  the  case  of  the  permanganate  solution,  the  amount  of  salt 
required  must  be  calculated  from  the  amount  of  available  oxygen  in 
the  salt.  The  molecule  Kfivfij  contains  three  available  atoms  of 
oxygen  ;    and  as  oxygen  is  divalent,  a  normal  solution    would   be 

represented  by  the  weight  — | — ^  per  litre,  and  a  decinormal  by 

o  X  — 

^     =^   ^  =  4*915  grms.  per  litre.     The  decinormal  solution  of  this 

salt  is  found  to  be  the  most  convenient  strength  in  practice.  To 
prepare  the  solution  a  quantity  of  potassium  dichromate  crystals  are 
just  melted  in  a  porcelain  crucible,  so  as  to  completely  expel  water. 
It  is  removed  from  the  crucible,  crushed  and  powdered,  and  4*915 
gi-ms.  weighed  out  carefully  (or  as  before  mentioned).  The  weighed 
quantity  is  then  dissolved  in  water  in  a  beaker,  the  contents  and 
washings  poured  into  a  litre  flask  and  water  added  to  the  mark. 
After  mixing  in  the  usual  way  the  solution  may  be  standardised  as 
follows : 

About  0-2  grm.  of  clean,  annealed  iron  wire  (approximately  99*7 
per  cent,  of  iron)  are  placed  in  a  flask  of  about  150  c.c.  capacity  and 
50  c.c.  of  dilute  sulphuric  acid  poured  in  from  a  measuring  cylinder. 
A  watch  glass  of  slightly  larger  diameter  than  the  rim  is  placed  over 
the  flask,  which  is  then  warmed  until  the  whole  of  the,  metal  has 
dissolved.  The  solution  is  immediately  poured  into  a  beaker,  the 
flask  washed  with  boiled  distilled  water  and  the  washings  added,  and 
the  bichromate  solution  run  in  from  a  burette.  The  colour  of  the 
bichromate  turns  from  yellow  to  green  on  entering  the  liquid,  but 
the  end  reaction  is  not  visible  in  the  solution.  An  indicator  is 
found,  however,  in  potassium  ferricyanide,  which  gives  a  deep  blue 
colour  with  a  ferrous  salt,  but  no  such  colour  with  a  ferric  salt.  The 
ferricyanide,  however,  must  not  be  introduced  into  the  liquid  under- 
going titration,  but  a  freshly  prepared  solution  spotted  over  the 
surface  of  a  white  tile  or  on  a  filter  paper,  and  after  each  addition  of 
bichromate  a  drop  of  the  liquid  is  removed  by  a  glass  rod  and  allowed 
to  fall  on  a  spot  of  ferricyanide.  As  soon  as  a  given  drop  of  tb«  \ 
solution  ceases  to  cause  a  blue  colour  in  the  indicator,  the  reaction  is 
complete,  all  the  ferrous  salt  being  completely  converted  into  ferric  ( 
The  last  2  c.c.  of  solution  should,  as  usual,  be  run  in  cautious1f}| 
drop  by  drop,  and  the  liquid  tested  after  each  addition. 
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Example. 

0*212  grm.  of  pianoforte  wire  was  dissolved  and  titrated  as 

above  described,  and  required  37*7  c.e.  of  bichromate  solution. 

Iron  actually  present  in  sample  =  '212  x-y97  =  '2113  grm. 

'2113 
Therefore  1  c.c.  of  solution  =  -— —  =  00050  erm.  of  iron. 

37-7  ^ 

The  solution  was  therefore  decinormal. 

Estimation  of  amount  of  iron  in  iro7i  07'es,  d'C, — The  previous 
description  of  the  treatment  of  the  iron  solution  in  standardising 
the  bichromate  solution  will  suffice  to  show  how  these  estimations  may 
be  performed  when  a  standard  solution  of  bichromate  is  at  hand. 
The  result  may  be  checked  by  titrating  anotlier  sample  with  the  -^^ 
potassium  permanganate,  the  preparation  of  which  has  been  described. 
It  is  advisable  to  heat  the  acid  strongly  in  dissolving  pig  iron,  as  the 
carbon  present  may  otherwise  form  compounds  which  vitiate  the 
result. 

In  the  case  of  iron  ores,  where  hydrochloric  acid  is  used  to 
dissolve  the  compound,  the  use  of  permanganate  is  inadmissible ;  the 
bichromate,  however,  succeeds  equally  well  in  this  case  as  when 
sulphuric  acid  is  employed.  When  the  iron  in  ferric  compounds  is 
to  be  estimated,  the  solution  must  be  reduced  to  the  ferrous  state 
by  metallic  zinc  or  sulphur  dioxide. 

It  should  be  remembered  that  in  all  titrations  in  which  perman- 
ganate or  dichromate  are  employed  the  acid  present  takes  a  part  in 
the  process,  and  should  be  present  to  such  an  extent  as  to  render 
the  solution  about  normal  (N)  in  acid  strength. 

SILICON  in  metals. — Oast  irons  sometimes  contain  a  considerable 
amount  of  silicon.  "When  these  irons  are  dissolved  in  an  acid,  as 
HCl,  most  of  the  silicon  becomes  oxidised  to  a  hydroxide  of  Si,  but 
in  some  cjises  silicon  itself  may  be  separated  along  with  graphitic 
carbon. 

Before  commencing  the  analysis  of  a  cast  iron  for  silicon  and 
carbon  some  idea  of  the  approximate  amount  present  is  generally  to 
be  obtained.  Weigh  from  2  to  5  grms.  of  the  iron  in  the  form  of  fine 
turnings  into  a  beaker,  cover  with  a  clock  glass  and  add  N.HCl  in 
quantities  of  about  10  c.c.  at  once  and  at  intervals  as  the  action 
slackens;  warm  gently.  When  the  action  has  nearly  ceased  add 
5  c.c.  N.HNO3  and  10  to  20  c.c.  of  5N.  H^SO^  and  heat  on  a  steam 
or  sand  bath  until  nearly  all  the  liquid  has  evaporated.  This  will 
take  some  time.  All  the  HCl  and  water  will  go  off,  leaving  a 
moderately  concentrated  sulphuric  solution.  This  will  completely 
dehydrate  the  hydrate  of  silicon,  or  silica.  Now  add  about  5  c.c. 
strong  HCl,  warm  gently,  and  then  dilute  with  hot  water  The  object 
is  to  get  all  the  iron  into  solution  as  chloride  and  sulphate. 

Filter  off  the  black  residue,  which  consists  mainly  of  graphitic 
-  carbon  and  silica,  8iO^. 

Wash  thoroughly  with  hot  dilute  HCl  and  then  hot  water,  place 
the  wet,  but  drained,  filter  paper  in  a  platinum  crucible  and  ignite 
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for  some  time  in  the  muffle  or  over  the  blowpipe.  The  residue 
should  be  nearly  white.  If  still  grey  or  black  some  graphitic  carbon 
may  still  be  present.  Sometimes  this  may  be  burnt  off  by  heating 
the  crucible  and  blowing  in  a  very  gentle  stream  of  oxygen  from 
the  oxygen  bottle.  As  a  rule,  however,  the  carbon  burns  off  com- 
pletely after  heating  for  some  time  in  the  muffle  with  a  good  air 
draught.  It  is  possible  to  get  a  good  idea  of  the  amount  of  graphitic 
carbon  by  first  igniting  gently  over  a  Bunsen  flame  so  as  to  burn 
off  the  filter  paper,  weighing  the  silica  +  carbon,  then  heating  in 
oxygen  and  weighing  again. 

The  amount  of  carbon  in  cast  iron  or  steel  can  be  best  ascertained 
by  burning  or  oxidising  the  metal  and  its  contained  carbon.    The 
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carbon  will  form  00^,,  which  can  be  absorbed  in  KHO  or  in  soda -lime, 
as  in  the  case  of  organic  substances  (see  p.  110). 

Very  little  apparatus  is  needed  for  this  analysis.  A  supply  of 
oxygen,  a  combustion  tube  about  12  ins.  long  and  f  or  J  in. 
diameter,  a  drying  and  absorbing  arrangement,  a  porcelain  boat,  or, 
better,  a  boat  made  of  thin  sheet  copper. 

The  cast  iron  must  be  in  fine  turnings  or  filings.     Weigh  the  ooat, 
which  should  be  carried  in  the  test-tube  carrier,  half  fill  with  the 
iron,  and  weigh  again.     Now  cover  the  iron  with  as  much  pure  diy 
lead  bichromate  as  the  boat  will  hold,  pressing  it  down  tightly  and 
cleanly  on  the  iron.  Arrange  the  U  tubes  as  in  Fig.  43  (only  the  KOH, 
or  soda-lime,  tubes  are  weighed),  insert  the  boat,  and  allow  a  gentle  1 
stream  of  oxygen  to  flow  through.     Then  heat  up  the  tube  under  the! 
boat,  at  first  with  a  large  Bunsen  flame  until  the  lead  chromatemeltflig 
and  then,  if  possible,  assist  with  a  large  blowpipe  flame.     The  iroa^ 
should  glow  brightly  quite  through.     The  end  can  be  seen  prettj-v 
distinctly,  as  when  the  iron  and  carbon  are  fully  oxidised  the  contend  " 
of  the  boat  cease  to  glow  or  appear  any  hotter  than  the  glass  tube^'^ 
Allow  the  oxygen  to  pass  through  for  at  least  ten  minutes  after  thiB-.-1 
Detach  the  CO^  absorption  tube,  cool  for  a  little  time,  and  weigh.    0 
contains  ^'^   of  its  weight  of  carbon.     Therefore  y^  of  the  gain 
weight  of  the  absorption  tube  x  100/ weight  of  substance  =  carbt 
per  cent. 
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SULPHUR. — Hydrogen  sulphide  is  liberated  not  only  when  feul- 
phides^  as  FeS  or  Sb,S,,  are  dissolved  in  acids,  as  HCl,  but  also  when 
some  metals,  as  iron,  &c.,  which  contain  sulphur  in  some  form,  possibly 
as  dissolved  or  combined  sulphides  (?),  are  acted  upon  by  acids  o 
that  hydrogen  is  generated. 

Cast  irons  generally  contain  some  sulphur,  and  when  these  irons 
are  dissolved  in  HCl  the  sulphur  escapes  with  the  hydrogen,  mainly 
«as  SH,.  This  gas,  on  coming  in  contact  with  bromine  and  water  or 
alkaline  permanganate  solution,  is  oxidised,  the  sulphur  forming 
sulphuric  acid,  which  can  then  be  converted  into  barium  sulphate. 


Fig.  44. 


The  amount  of  sulphur  in  irons  and  other  metals  is  generally 
small.  The  apparatus  (Fig.  44),  in  which  the  metal  can  be  dissolved 
and  any  evolved  sulphur  compound  caught,  almost  explains  itself. 

Several  grams  of  the  substance  are  weighed  into  c.  The  flask  b  must 
at  first  be  empty  and  dry,  and  a  current  of  hydrogen  sent  through 
the  whole  apparatus  so  as  to  expel  air.  Then  acid  is  let  into  b 
from  the  stop  funnel  so  that  the  hydrogen  drives  some  liquid  HCl 
over  into  the  substance  flask,  a  little  at  a  time,  which  can  be  regu- 
lated by  the  tap.  The  tube /slides  easily  through  the  cork  of  the 
flask.  The  gas  should  not  pass  quicker  than  two  or  tliree  bubbles 
per  second  through  d,  which  contains  bromine  dissolved  in  HCl,  in 
which  it  is  more  soluble  than  in  water  alone.  When  all  the  sub- 
rtance  is  dissolved  a  gentle  heat  may  be  applied  to  c,  and  the  gas 
thoroughly  expelled  by  the  hydrogen  current.  Any  excess  pressure 
of  hydrogen  is  regulated  by  the  escape  tube  e,  which  dips  into  half 
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an  inch  of  mercury  or  a  few  inches  of  water,  a  contains  sodium 
hydroxide  solution  to  al)sorb  any  sulphur  from  the  hydrogen  used. 

After  the  action  is  complete  the  contents  of  d  are  washed  out 
into  a  beaker  and  the  H^SO^  precipitated  by  Bad,,  and  treated  as 
under  H^SO^,  or  barium. 

Sulphides  may  sometimes  be  treated  in  this  manner.  If  a 
weighed  quantity  of  a  sulphide,  as  PbS,  ^be  mixed  with  zinc  in  the 
flask  c  the  sulphur  is  more  completely  and  quickly  removed  as  SHg. 
Only  very  small  quantities  need  to  be  taken  for  this  method. 

Many  other  methods  are  in  use  besides  this  one  for  the  estimation 
of  sulphur  in  irons  and  steels,  <fec.  As  this  book  is  not  intended  to 
instruct  on  special  technical  details,  but  mainly  on  principles,  they 
cannot  be  introduced.  If  an  iron  or  steel  is  dissolved  in  dilute 
nitric  acid  to  which  a  little  bromine  water,  sufficient  to  colour  it 
faintly,  is  added,  any  contained  sulphide  is  oxidised  into  sulphuric 
acid,  which  may  be  precipitated  by  barium  salt  as  usual.  Weigh  from 
2  to  5  grms.  of  the  steel,  and  dissolve  in  K.  nitric  acid  in  a  large  flask. 
The  acid  may  be  diluted  with  bromine  water,  or  the  latter  allowed  to 
drop  into  the  flask  as  the  action  is  proceeding.  When  all  is  dissolved 
the  solution  is  diluted  to  at  least  500  c.c,  Altered  hot,  and  then  kept 
boiling  whilst  the  barium  solution  is  being  added  and  until  the  barium 
sulphate  settles  out. 

The  danger  lies  in  the  coprecipitation  of  iron  salts.  Another  plan 
is  to  dissolve  in  the  least  possible  quantity  of  N.  nitric  acid,  evapo- 
rate to  complete  dryness,  whereby  most  of  the  ferric  nitrate  is  decom- 
posed, add  1  or  2  grms.  of  sodium  peroxide,  then  water  very  carefully, 
and  after  the  violent  action  has  ceased  dilute,  boil, filter,  acidulate  with 
HCl,  and  precipitate  with  BaClg  as  before.  Great  care  is  required 
in  using  the  sodium  peroxide,  as  it  reacts  violently  with  water  and 
may  crack  the  flask  or  spirt  out  substance. 

PHOSPHORUS  is  present  in  most  pig  irons,  and  also  in  very  small 
quantities  in  steels,  in  some  phosphor-bronzes,  <fec. 

Special  methods  are  sometimes  used  for  the  estimation  of  this 
substance. 

For  pig  or  cast  iron  one  method  is  to  dissolve  a  few  grams  of  the 
turnings  (2  to  10,  according  to  the  probable  amount  of  phosphorus) 
in  N.  nitric  acid,  adding  the  acid  only  in  small  quantities  at  a  time  and 
warming  until  solution  is  obtained.  It  is  then  evaporated  to  dryness, 
on  a  water  bath,  to  make  any  silica  insoluble,  redissolved  in  hot  dilute 
nitric,  filtered,  and  to  the  clear  warm  filtrate  a  solution  of  ammonium 
molybdate,  containing  excess  of  ammonium  hydroxide,  added  until 
there  is  a  thick  red  precipitate  and  the  odour  of  ammonia  is  evident.  ' 
Strong  nitric  (1*2  sp.  gr.)  is  now  added  until  all  the  red  precipitate 
is  redissolved  and  the  solution  is  strongly  acid.  A  yellow,  very  finely 
divided  precipitate  will  appear.  It  is  ammonium  phospho-molybdate. 
The  liquid  should  be  kept  warm  (80°  C.)  for  some  hours  to  allow  the 
substance  to  form  and  completely  settle.  It  may  then  be  filtered  off 
and  washed  with  very  dilute  nitric  acid,  in  which  it  is  quite  insoluble. 
It  may  be  dried  at  100°  0.  and  weighed,  the  filter  paper  having  been 
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previously  dried  and  weighed,  but  if  in  large  quantity  is  best  dissolved 
from  the  filter  paper  by  warm  ammonium  hydroxide.  When  mag- 
nesium chloride,  or  sulphate,  is  added  to  this  ammoniacal  solution, 
magnesium  ammonium  phosphate  is  formed,  and  must  then  be  treated 
as  under  magnesium  or  phosphoric  acid  as  described  ante,  p.  74. 

Manganese  is  nearly  always  present  in  irons,  and  nickel  in  some 
steels  and  other  alloys. 

These  metals  may  be  separated  as  follows :  Several  grams  of  the 
iron  are  dissolved  in  HCl.  After  solution  small  quantities  of  nitric 
acid  are  added  to  convert  the  salt  into  ferric  chloride.  Large  excess 
of  either  acid  must  be  avoided. 

The  ferric  solution  is  then  diluted  and  placed  in  a  large  porcelain 
dish  and  nearly  neutralised  with  sodium  hydroxide  or  carbonate. 
No  permanent  precipitate  must  be  left.  It  is  raised  to  the  boil- 
ing temperature,  and  a  solution  of  sodium  acetate  added,  and  the 
boiling  continued  until  a  copious  red  precipitate  has  formed  and  the 
odour  of  acetic  acid  is  apparent  in  the  escaping  steam.  It  is  now 
quickly  filtered  through  a  folded  paper.  The  filtrate  must  be 
absolutely  colourless,  unless  nickel  is  present  in  some  quantity,  and 
clear.  It  contains  the  manganese  and  nickel,  all  the  iron  having 
formed  an  insoluble  basic  salt — half  acetate,  half  hydroxide  of  iron. 

To  this  clear  filtrate  bromine  water  is  to  be  added  until  the 
whole  appears  yellow,  and  then  a  few  c.c.  N.  sodium  hydroxide  solu- 
tion. The  temperature  of  the  liquid  should  be  about  (iO"-80°C.  A 
black  precipitate  of  the  peroxides  of  manganese  or  nickel  gradually 
forms.     The  liquid  should  stay  in  a  warm  place  for  a  few  hours. 

If  either  one  only  of  the  two  metals  mentioned  is  present  the 
precipitate  is  to  be  well  washed  and  ignited.  The  manganese  becomes 
Mn,0,  and  the  nickel  NiO.  If  both  are  present  they  may  be  ignited 
together  and  afterwards  separated  by  another  operation.  This  is  the 
case  with  nickel  steel,  but  cast  irons  contain  only  manganese. 

NITROGEN. — ^This  element  exists  in  several  very  distinct  forms  of 
combination — ^for  instance,  with  metals  as  nitrides,  amines,  nitrates, 
and  nitrites,  and  with  carbon  and  organic  complexes  as  cyanides, 
amines,  nitro,  azo,  and  possibly  other  forms. 

Nitrates  and  nitrites,  whether  of  metals  or  organic  complexes, 
are  all  decomposable  by  strong  sulphuric  acid.  Organic  compounds 
of  whatever  nature  can  be  so  oxidised  as  to  separate  the  nitrogen  in 
a  free  state. 

The  amount  of  nitrogen  in  nitrates  and  nitrites,  whether  mineral 
or  organic,  is  most  easily  and  quickly  ascertained  by  the  nitrometer 
methoid,  which  depends  essentially  on  the  reduction  of  HNO3  or 
HNO,  to  nitric  oxide,  NO,  by  mercury.  In  this  method  a  nitrate 
or  nitrite  of  a  metal  or  an  organic  group  is  decomposed  by  strong 
salphuric  acid  in  contact  with  much  mercury,  so  that  the  liberated 
HNO.acts  at  once  on  the  metal. 

For  instance,  2(E:N03)  +  H,S0,  =  K,S0,  +  2HX03  and  the  libe- 
rated HNOj  then  commences  to  act  on  the  mercury  in  this  sense, 

8HN0,  +  3Hg-  3HgNp,  +  4Hp  +  2X0  ; 
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but  of  course  the  HgN,Og  does  not  exist  for  long  in  the  presence  of 
excess  of  the  strong  I^SO^,  but  becomes  HgSO^  and  HNO3,  the 
liberated  nitric  acid  commencing  another  course  of  decom position. 

The  instrument  is  a  graduated  tube  (a  in  Pig.  45),  of  50  or 
100  c.c.  capacity,  with  a  two-holed  stopcock.  The  lower  end  is  joined 
by  stout  rubber  tube  to  5,  which  is  not  graduated  and  should  be 
wider  than  the  measuring  tube.  The  measuring  tube  is  filled  to  the 
stopper  with  mercury,  which,  however,  should  only  stand  at  about  d 
in  the  tube  b.  The  holes  in  the  stopcock  should  be  at  least  8  mm. 
The  two  tubes  can  be  held  in  any  convenient  stand, 
or  suspended  by  a  strong  cord,  the  ends  fastened  to 
each  tube  and  passing  over  a  bar  or  hook  in  a  shelf 
or  other  support. 

To  use,  fill  with  mercury,  as  above,  and  have 
the  cup  at  top  of  a  dry.  Take  about  '03  gi'm. 
KNO3  for  the  first  experiment.  Introduce  the 
nitrate  and  then  2  c.c.  of  strong  H,SO^.  Turn  the 
tap  quickly  so  that  nearly  aU  the  acid  and  the 
nitrate  swimming  in  it  enters  the  tube ;  then  add 
another  2  c.c.  of  acid  and  admit  similarly  so  that  it 
takes  the  remainder  of  nitrate  with  it.  Repeat  the 
addition  of  smaller  quantities  of  acid  three  or  four 
times  so  as  to  wash  all  the  nitrate  into  the  tube. 
This  operation  should  be  done  as  quickly  as  possible, 
but  the  greatest  care  must  be  taken  not  to  let  any 
air  in.  Another  plan  more  generally  used  is  to 
weigh  the  substance  in  a  stoppered  bottle,  cover 
with  a  few  c.c.  of  strong  sulphuric,  and  allow  to 
stand  in  a  cool  place  until  all  is  dissolved.  The 
solution  is  then  poured  into  the  nitrometer  and 
washed  out  of  the  bottle  with  more  acid.  This  is  the 
better  plan,  and  answers  with  most  nitrates,  mineral 
or  organic.  Now  put  a  cork  loosely  in  the  cup,  take  a  from  its  support, 
holding  by  the  cup  and  stopper  with  one  hand  and  by  the  point  of 
junction  with  the  rubber  tube  with  the  other,  and  shake  briskly,  by 
a  rapid  sideways  motion.  The  acid  must  never  come  as  low  as  the 
rubber  junction.  After  shaking  an  action  will  be  visible  and  gas 
will  collect.  Shake  at  intervals  of  five  minutes  until  no  more  gas 
bubbles  appear  and  the  acid  becomes  clear. 

Measure  the  length  of  the  acid  column  on  the  top  of  the  mercury, 
which  is  easiest  done  by  counting  the  divisions  it  covers  on  the  tube. 
Now  bring  tube  6  close  alongside  so  that  the  top  of  the  mercury  is 
level  with  one-seventh  of  the  height  of  the  acid  column.*  Do  not 
handle  the  gas  tube,  but  clamp  or  hang  them  both  up.  Suspend 
a  thermometer  close  to  the  tube  for  twenty  minutes,  and  read 
ofi*  the  number  of  c.c.  of  gas.  One  litre  NO  weighs  1-3417  grms. 
(nearly) ;  therefore  1  c.c.  =  -001342,  and  of  this  S^  is  nitrogen,  since 

*  Strong  sulphuric,  being  nearly  twice  as  heavy  as  water,  is  about  one- 
seventh  as  heavy  as  mercury. 
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fc^O  =  14  +  1 6  =  30.   Barometer  and  temperature  must  be  read  off,  but 
there  is  no  correction  for  moisture,  as  the  HoSO^  keeps  the  gas  dry. 

If  V  =  observed  volume  of  gas, 
P  =         „         pressure, 
t**  =         „         temperature, 
a  =  coefficient  of  expansion  =  '003 0(5  7, 
V  =  corrected  volume, 


V'=V 


Y.B.  100. -001342.  15 

760  (1  +  at**)'  ^*  S  .  7G0 .  (1  +  -003007 .  t°) .  30 


or 


=  N  per  cent. 


1  c.c.  NO  at  NT  and  P= -001342  grm.  and  is  equivalent  to 
•00282  HNO3,  -000627  N,  and  -00452  KNO3.  1  c.c.  N  at  NT  and 
P  weighs -001 246  grm. 


Cii  (hStihsLanct 


Fia.  46. 

A  general  method  of  estimating  nitrogen,  applicable  to  all  kinds 
i  nitrogen  compounds  (provided  they  are  not  very  explosive),  is  to 
ram  them,  by  means  of  the  oxygen  in  copper  oxide,  CuO,  in  a 
lumum  tube,  and  catch  the  liberated  nitrogen  gas  in  a  measuring 
ube.    For  this  a  Sprengel  mercury  pump  is  indispensable. 

The  substance  is  weighed  from  a  bottle  on  to  a  piece  of  copper 
oil  or  into  a  mortar  and  mixed  with  CuO  in  moderately  fine  powder. 
!hi8  mixture  is  then  introduced  into  a  piece  of  combustion  tul>e 
bout  12  ins.  long,  closed  at  one  end.  The  mortar  or  piece  of 
}pper  is  washed  by  small  quantities  of  granular  oxide  of  copper 
ntil  the  tube  is  three-fourths  filled  with  this  granular  oxide.     This 
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must  be  well  shaken  down  to  the  closed  end,  and  then  a  plug  of 
copper  made  by  rolling  up  copper  foil  into  a  cylinder  just  large 
enough  to  enter  the  tube,  inserted.  The  cylinder  should  be  about 
2  ins.  long.  The  tube  is  now  drawn  oft*  so  as  to  fit  the  Sprengel 
pump  tube.     (See  Fig.  4G.) 

The  pump  is  set  in  action  and  the  tube  evacuated,  the  portion  of 
the  tube  containing  the  copper  foil  cylinder  being  at  the  same  time 
heated  to  redness.  After  a  complete  vacuum  is  obtained,  as  indicated 
by  the  mercury  falling  with  a  "  click "  and  a  column  of  mercury 
about  30  ins.  high  standing  in  the  "  fall "  tube  of  the  pump,  the  gas- 
collecting  tube  is  half  filled  with  strong  KHO  solution  and  half  with 
mercury  and  inverted  over  the  pump  end.  The  pump  is  stopped 
and  the  heat  extended  backwards  to  the  portion  containing  the  CuO, 
and,  when  this  is  red  hot,  to  the  portion  containing  the  substance 
and  copper  oxide.  Water  and  gases  will  now  come  off.  When  the 
whole  tube  has  been  thoroughly  red  hot  for  ten  minutes  and  gases 
cease  to  escape  into  the  collecting  tube  the  pump  is  again  set  in 
action  until  a  vacuum  is  obtained. 

The  tube  is  now  removed,  by  putting  a  small  crucible  under  the 
open  end,  and  transferred  to  a  tall  cylinder  full  of  water.  The 
strong  alkali  solution  and  any  mercury  fall  out  and  become 
replaced  by  water.  The  tube  is  held  so  that  the  water  inside  and 
out  is  level,  and  the  number  of  c.c.  read  off,  along  with  the  tempera- 
ture of  the  water  and  the  atmospheric  pressure. 

As  the  collected  nitrogen  is  measured  over  water,  the  tension 
of  water  vapour  at  the  temperature  must  be  deducted  from  the 
barometer  reading. 

w  =  this  tension  of  water  vapour.  It  is  =  9*2  mm.  at  10°  C.  and 
12-7  at  15°C. 

Y.(B-w). -001246.  100  _ 
S  .  7G0  .  (1  +  -OOBOB  t°)     "  "^  P^^  ^^^* 

Where        V  =  volume  of  gas, 

B  -  w  =  barometer  reading  minus  water  vapour  pressure, 
•001246  =  weight  of  1  c.c.  N, 

S  =  substance,  weight  taken, 
760  =  normal  barometer, 
•00866  or  a  —  coefficient  of  expansion  of  gases. 

Another  method  of  ascertaining  the  amount  of  nitrogen  in  a 
substance  depends  on  the  fact  that  most  nitrogenous  substances 
when  heated  with  soda-lime  (a  mixture  of  CaO  with  NaHO)  yield 
the  whole  of  the  nitrogen  in  combination  with  hydrogen  as  ammonia. 
This  applies  strictly  to  all  compounds  where  the  nitrogen  is  not 
directly  united  with  oxygen. 

Nitrates  and  nitro-derivatives,  where  the  nitrogen  is  more  or 
less  "oxidised,"  require  a  considerable  modification  of  this  treat- 
ment. 

Nitro-compounds,  as  picric  acid,]CgH,(N0,)30H,  and  some  amino 
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and  imino  compounds,  are  best  analysed  by  combustion  with  CuO  in 
a  vacuum  tube  as  just  described. 

The  same  treatment  is  necessary  with  some  other  classes  of  nitrogen 
compounds,  but  modifications  are  necessary  in  some  cases.  Where 
the  substance  is  an  explosive,  for  instance,  picric  acid,  mentioned 
above,  would  need  to  be  mixed  with  either  fine  sand  or  starch  to 
modify  its  "  decomposition  "  sufficiently  to  be  safe. 

When  the  nitrogen  is  determined  as  ammonia,  the  operation  can 
be  conducted  in  a  piece  of  "combustion"  tube  14-18  ins.  long  and 
open  at  both  ends,  and  so  arranged  that  a  stream  of  hydrogen  can 
be  continuously  passed  through.  The  tube  is  heated  in  a  furnace. 
The  hydrogen  requires  to  be  washed  by  passing  through  water,  or  a 


\ 


Fig.  47. 

potassium  hydroxide  solution,  but  need  not  be  dried.  More  than  one 
absorption  tube  is  desirable. 

The  figure  explains  arrangement  of  tuVje  and  charge. 

The  substance,  if  a  solid,  is  weighed  in  a  weighing  VK>ttle,  a  small 
quantity,  about  '5  to  1  grm.,  shaken  out  into  a  small  dish  or  mortar, 
and  the  bottle  weighed  again.  The  quantity  shaken  out  is  then 
Daixed  by  means  of  a  wire  with  a  few  grams  of  rlry  but  cold  soda- 
Hme,and  by  means  of  a  smooth  paper  gutter  introduced  into  the  tuU;, 
as  will  be  evident  from  Fig.  47.  There  is  a  plug  of  cop[>er  wire 
or  foil  in  the  front  of  the  tube  ;  then  a  layer  of  alxjut  two  inches  of 
soda-lime  only.  The  mixture  of  substance  and  .soda-liine  comes  after 
this.  The  dish  or  mortar  is  washed  out  by  more  soda-lime,  until  the 
tube  is  nearly  full.  An  excess  cannot  hurt.  Another  copper  wir  e, 
or  asbestos  plug,  keeps  the  soda-lime  in  place  at  one  end.  This 
end  of  the  tube  has  a  moderate-sized  U  tuVje  fitted  to  it,  with  cork. 
The  U  tube  contains  a  quantity  of  either  H^SO,  or  HCl  of  known 
strength  (standard  acid). 

The  ammonia  produced  in  the  tube  neutralises  some  of  thr^  acid. 
The  strength  and  quantity  of  acid  being  known  V^eforeliand,  the 
amount  actually  neutralised  by  the  ammonia  can  ea.sily  Vxj  f  oh  rid. 
The  hydrogen  is  permitted  to  flow  .slowly  through  the  tuUj  duririg 
the  whole  time  of  heating,  so  as  to  convey  the  ammonia  as  fast  as 
formed  into  the  acid. 
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After  charging  the  combustion  tube  with  the  substance  and  soda- 
lime,  the  U  tube,  to  be  fixed  at  the  end,  is  charged  with  an  accurately 
known  (juantity  of  the  acid,  and  then  attached. 

After  the  heating  is  ended  the  acid  is  carefully  emptied  and 
washed  from  the  U  tube  into  a  dish,  a  few  drops  of  litmus  added, 
and  then  the  soda  solution  as  with  the  process  of  matching  it  with 
the  acid  (see  "  Acid  and  Alkali ").  If,  say,  25  c.c.  of  y^  acid  had 
been  employed  in  the  tube  and  it  required  only  20  c.c.  of  the  soda 
solution  for  neutralisation,  then  the  difference,  5  c.c,  must  have 


Fig  48. 

been  neutralised  by  the  ammonia  liberated  in  the  heated  soda-lime 
tube. 

With  a  solution  of  -^^J  strength  each  c.c.  =  '0049  sulphuric  acid, 
or  -001 7  NH3,  or  -0014  X.  So  that  in  the  case  imagined  the  amount 
of  nitrogen  would  be  5  x  -0014,  evolved  in  the  form  of  ammonia. 

ELECTROLYSIS.— A  number  of  salts  may  be  decomposed  by  an 
electric  current  and  the  contained  metal  deposited  in  such  form  that 
it  can  be  weighed  without  much  difficulty. 

One  of  the  easiest  substances  to  experiment  with  is  copper 
sulphate  in  solution  in  water. 

Fig.  48  shows  one  arrangement.  The  salt  should  be  weighed  in 
a  platinum  dish  or  crucible  and  dissolved  in  a  small  amount  of 
water,  to  which  a  few  drops  of  sulphuric  acid  may  be  added.  The 
current  enters  by  the  spiral  of  platinum  wire,  and  on  the  stand  is  a 
piece  of  clean  metal,  brass,  copper,  or  platinum,  to  which  the  return 
wire  is  connected.  Two  storage  cells  giving  about  4  volts  provide 
quite  enough  current ;  the  slower  the  metal  is  deposited  the  more 
coherent  it  is. 

When  the  solution  has  become  decolourised,  test  by  taking  a  very 
small  drop,  with  a  rod,  on  to  a  plate  or  white  filter  paper  and  adding 
a  drop  of  potassium  ferro-cyanide  solution.     When  no  appreciable 
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brown  coloration  is  visible,  pour  tlie  solution  carefully  into  a  white 
dish  to  see  that  no  particles  of  metal  are  carried  away,  and  wash 
several  times,  by  decantation,  with  alcohol ;  dry  rapidly  in  the  steam 
oven  till  the  alcohol  has  evaporated,  and  weigh. 

If  too  strong  a  current  be  employed  the  metal  is  liable  to  come 
down  in  powder,  and  this  oxidises  very  rapidly  during  the  drying. 

Almost  any  soluble  copper  or  silver  salt  electrolyses  well,  but 
8ome  metals,  as  nickel,  require  an  alkali  salt,  as  ammonium  or 
potassium  oxalate  or  sulphate,  to  be  present  in  order  to  take  up  the 
liberated  SO,  "  ion.'* 

Nickel  or  zinc  sulphate  may  be  similarly  decomposed,  and  the 
metals  deposited  and  weighed,  provided  some  alkali  sulphate  is  con- 
tained in  the  solution.  When  copper  sulphate  is  electrolysed  as 
above  in  platinum  the  end  result  may  be  represented  by 

-Cu/SO,  +  +  HP  =  H,SO,  +  0. 

"When  an  alkali  salt  is  present  it  probably  acts  as  a  double  salt,  thus: 
NiS0,,K3S0,,  breaking  up  on  electrolysis  in  the  aqueous  solution  into 
Ni  +  2KHS0,. 

Sulphates  are  the  most  convenient  salts  for  electrolysis.  From 
chlorides  there  is  a  liberation  of  chlorine,  which  attacks  even  a 
platinum  electrode,  and  from  nitrates  oxides  of  nitrogen,  which 
interfere  with  the  result. 

CARBON  AND  HYDROGEN.— Compounds  of  carbon  and  hydrogen 
require  somewhat  special  methods  and  apparatus  for  their  quanti- 
tative analysis. 

The  method  generally  employed  is  to  burn  the  compound  in  an 
excess  of  oxygen  or  air  in  such  manner  that  all  the  carbon  dioxide 
and  water  produced  can  be  caught  separately  and  weighed.  All  the 
so-called  organic  compounds  contain  carbon,  and  in  addition  hydrogen, 
and  often  oxygen,  nitrogen,  and  other  elements. 

As  carbon  dioxide  contains  carbon  to  the  extent  of  12  parts  in 
44,  and  water  2  parts  of  hydrogen  in  18,  the  weights  of  C  and  H 
corresponding  to  the  COg  and  H^O  can  readily  be  found. 

The  actual  operation  is  carried  out  in  a  glass  tube,  through  which 
purified,  dry  air  or  oxygen  can  be  drawn.  In  this  tube  a  weighed 
amount  of  the  substance  is  heated,  and  "  completely  "  burnt. 

The  substance,  if  a  solid,  or  a  liquid  of  not  very  volatile  nature, 
may  be  contained  in  a  "  boat "  of  platinum  or  of  porcelain.  If  very 
volatile,  then  a  special  tube  must  be  employed. 

The  actual  requisites  are : 

L  A  "tube  furnace,"  which  may  be  simply  a  row  of  Bunsen 
burners  (20-30),  mounted  in  a  frame,  so  that  a  tube  of  24-30 
ins.  length  can  be  heated  to  redness.  If  the  laboratory  be  supplied 
with  such  furnace  no  figure  is  required.  Without  one  the  ordinary 
"  combustion ''  analysis  cannot  be  done. 

11.  A  glass  tube  about  f  in.  clear  diameter,  and  about  4  ins. 
longer  than  the  furnace.     It  must  be  of  difficultly  fusible  glass. 
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III.  An  air-aspirator  of  some  kind.  A  Bunsen  waterfall  pump 
is  convenient.  The  simplest  is  a  two-  or  three-gallon  bottle  or  jar, 
with  an  opening  near  the  bottom  fitted  with  a  tap.  A  cork  with 
small  tube  is  fitted  to  the  neck.  When  the  bottle  is  tilled  with  water, 
and  the  tap  opened,  air  is  aspirated  or  drawn  in  through  the  top  tube 
to  take  the  place  of  the  escaping  water. 

IV.  A  drying  and  puiifying  arrangement  for  the  air  before 
it  enters  the  tube.  The  simplest  and  most  effective  consists  of  a 
tube  about  20  ins.  long  and  about  1  in.  diameter,  with  corks  and 
small  tubes  at  each  end,  and  charged  with  coarse  soda- lime.  The 
air  is  drawn  through  this  first,  and  then  bubbles  through  concen- 
trated sulphuric  acid  contained  in  a  small  two-necked  bottle.  Small 
glass  and  rubber  tubes  are  used  for  connections.  From  the  sulphuric 
acid  bottle  the  air  passes  into  (V.)  the  combustion  tube.     This  should 

K*i>t  alteaif  rri  hot  u kuTHt frvm  heat  tHbttanrt  iH 
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Fig.  49. 


be  charged  with  copper  oxide,  as  shown  (Fig.  40).  It  must  be 
**  granular  "  oxide,  made  from  bits  of  wire. 

VI.  The  absorbing  apparatus  is  first  attached  directly  to  the 
combustion  tube — a  U  tube  charged  with  pumice-stone  moistened 
with  strong  sulphuric  acid.     This  absorbs  water  only. 

2nd.  A  similar  tube,  with  dry  soda-lime,  or,  better,  a  tube  as  seen 
in  Fig.  40,  made  from  a  test-tube,  and  charged,  the  bottom  three- 
quarters  with  soda-lime,  and  the  top  quarter  with  dried  calcium 
chloride,  just  separated  by  a  thin  plug  of  cotton- wool.  Two  of  these 
tubes  should  be  arranged  in  series. 

The  end  of  this  tube  is  attached  by  rubber  tube  with  a  small 
U  tube  containing  1I,S0^,  to  serve  as  indicator,  and  then  to  the 
aspirator  arrangement. 

The  tubes  are  weighed  separately,  and  then  attached  to  the  tube 
as  shown.  The  boat  is  then  weighed,  the  substance  introduced,  and 
weighed  again.  It  is  usual  to  carry  the  boat  in  a  small  corked  tube ; 
or,  better,  fit  one  test-tube  into  another  (see  Fig.  42),  so  that  one  tube 
acts  as  a  cap  to  the  opening  of  the  other.  The  boat  and  contents 
are  thus  protected  from  loss  or  gain  in  transit  from  the  balance 
to  the  tube.  The  tubes  are  only  for  carrying  the  boat,  and  are  not 
put  into  the  combustion  tube  and  not  necessarily  on  the  balance 
pan. 

After  the  substance  and  boat  are  introduced  the  burners  behind 
the  boat  are  lit,  and  as  the  heat  reaches  the  substance  it  should 
gradually  either  distil  into  the  portion  of  copper  oxide  kept  cool,  or 
decompose  and  slowly  burn. 

Considerable  judgment  is  necessary-  in  conducting  this  operation^ 


VOLUMETRIC  ANALYSIS.  Ill 

Some  substances  may  be  heated  up  much  more  quickly  than  others, 
and  no  rule  can  be  laid  down,  excepting  that  a  volatile  substance 
must  have  more  time  and  less  heat  applied  behind  the  boat  at  the 
commencement.  There  is  no  particular  sign  when  a  combustion  is 
ended  and  the  CO,  and  H.fi  swept  completely  from  the  tube.  It  is 
therefore  customary  to  continue  the  process  for  some  time  after  all 
the  substance  has  gone  from  boat  and  tube,  and  allow  time  for 
mixing  and  sweeping  out  of  the  gases.  A  non-volatile  substance 
may  be  completely  burnt  in  one  hour,  whilst  a  somewhat  volatile 
one  may  take  two  to  three  hours.  The  time  is  always  less  when 
oxygen  is  employed. 

After  the  substance  has  burnt  from  the  boat,  and  the  whole  tube 
has  been  heated  to  redness,  the  tube  may  be  finally  cooled  by  turning 
off  the  burners  at  the  end  where  the  air  enters  and  as  far  as  the 
main  bulk  of  copper  oxide.  When  the  combustion  appears  over,  the 
two  tubes,  in  which  water  and  carbonic  oxide  have  been  collected, 
are  separately  detached  and  weighed. 

K  the  drying  and  purifying  apparatus  for  the  air  be  in  proper 
order,  no  harm  will  result  from  keeping  on  the  operation  long  after 
the  combustion  is  really  complete^  but  generally  speaking  an  hour 
and  a  half  is  sufficient. 

The  weight  of  substance  taken  should  have  some  connection,  if 
possible,  with  its  carbon  contents,  as  it  is  advisable  to  have  a  good 
margin  of  excess  of  soda-lime  over  the  CO^  to  be  absorbed.  From 
*2  to  '5  grm.  substance  is  mostly  sufficient.     As  an  example,  actual : 

•1250  substance  : 

gave  H,0  =  -0748. 

COjj  =  -3887. 

•0748  X  100       (..nr,  ^^^  ^^,    TT 
—  u  bo  per  cent.  ±i. 


9  X  ^1250 

•3887  X  3  X  100  _  g^.g  ^^^  ^^^^  ^^  ^^^  g.g^  p^^.  ^^^^^  q  ^^ 
11  x-1250  difference. 

These  figures,  on  dividing  by  the  atomic  weights  of  each,  give  a 
formula  CjgHjjO,  for  which  the  calculated  percentages  of  hydrogen 
and  carbon  are  H  6*58  and  C  84*78  respectively. 

In  most  compounds  oxygen  is  still  "  taken  by  difference."  That 
is,  all  the  other  elements  are  actually  found,  and  the  difference fiom 
100  taken  as  the  amount  of  oxygen,  if  that  element  is  found  by 
qualitative  examination  to  be  present. 

A  method  of  combustion  in  hydrogen  has  been  proposed,  but  for 
most  cases  it  is  quite  unnecessary  to  have  a  direct  determination 
of  the  oxygen,  there  being  no  doubt,  from  other  evidence,  of  its 
presence. 

CARBONATES.— Carbon  is  also  present  in  carbonates,  in  which 
case  it  is  generally  liberated  as  carbon  dioxide  by  the  action  of  some 
add,  as  HCl  or  HNO,.  The  gas  may  then  be  absorbed  in  some 
alkali,  or  direcstly  measured  in  some  form  of  nitrometer  tube. 
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The  amount  of  combined  carbon  dioxide  can  also  be  estimated 
by  "  loss  " — that  is,  when  a  carbonate  is  treated  with  a  weighed 
quantity  of  acid,  and  the  CO,  only  is  permitted  to  escape  and  the 
remaiuing  salt  weighed. 

Schroetter's  apparatus  is  the  most  elegant  for  this  purpose,  but 
an  apparatus  to  serve  the  same  purpose  can  mcg^  easily  be  con- 
structed from  a  small  flask  or  wide-mouthed  weighrog  bottle,  a  glass 
tube  with  stopper  and  bulb,  and  a  drawn-out  test-tube  (see  Fig.  50). 


Fig.  50. 

The  small  bulb  is  charged  with  HNO,  or  HCl,  half  acid,  half 
water,  the  drawn-out  test-tube  with  small  pieces  of  dry  calcium 
chloride.  It  should  be  a  rubber  stopper.  The  whole  apparatus  is 
weighed,  and  then  1  to  2  grms.  of  the  carbonate  placed  in  the  flask 
and  weighed  again.  The  acid  is  now  allowed  to  flow  very  gradually 
into  the  flask  ;  COg  is  evolved  and  is  dried  by  the  calcium  chloride  be- 
fore escaping.  Towards  the  end  the  flask  is  gently  warmed,  and  a  slow 
current  of  (dry)  air  drawn  through  for  a  few  minutes  only  to  remove 
the  CO,  still  in  the  flask  and  tube.  This  can  be  done  by  attaching  a 
tube  at  a  to  draw  by,  and  another  at  c,  the  latter  being  connected  to 
a  U  tube  containing  CaCl,  or  Hj,SO^.  The  loss  of  weight  at  the  third 
weighing  =  CO,. 

Very  small  quantities  of  carbon  can  also  be  burnt  in  a  vacuum 
tube,  as  with  nitrogen  (see  ante,  Fig.  46),  and  measured  as  CO,  gas. 
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CHAPTER  VIIL 

MOLECULAR  WEIGHT. 

A.GCORDING  to  Avogadro's  hypothesis,  ''  equal  volumes  of  all  gases 
xt  the  same  temperature  and  pressure  contain  the  same  number 
of  molecules." 

Supposing  oxygen,  hydrogen,  and  chlorine,  as  types  of  simple 
Blements,  to  consist  of  bwo  atoms  per  molecule,  the  formation  of  water 
Mid  hydrochloric  acid,  the  two  most  typical  molecules,  can  be  shown 
by  the  equations : 

2H3      +02       =       2H2O. 
2  Yolumes        1  volame         2  volumes 

H2      +       CI2      =       2HC1. 
1  volume        1  volume         2  volumes 

The  molecules  of  oxygen  have,  then,  divided  so  as  to  be  able  to 
join  with  the  hydrogen  atoms.  The  number  of  water  molecules  is 
twice  that  of  the  oxygen  molecules,  but  equal  to  the  number  of 
hydrogen  molecules ;  but  as  the  volume  of  steam  produced  is  double 
that  of  the  oxygen  there  must  be  in  equal  volumes  as  many  water 
molecules  as  oxygen  molecules  and  hydrogen  molecules. 

Avogadro*s  hypothesis  suggests  a  means  of  (1)  ascertaining  the 
relative  weight  of  gaseous  molecules,  (2)  forming  an  idea  as  to  the 
number  of  atoms  in  a  molecule. 

If  now  equal  volumes  of  gases  contain  the  same  number  of  mole- 
cules, the  ratio  of  the  weights  of  these  volumes  gives  the  molecular 
weights. 

If  the  relative  weight  of  steam  be  9,  based  on  hydrogen  as  unity, 
and  hydrochloric  acid  18*25,  the  ratio  of  the  molecular  weights  of 
^ater  and  hydrochloric  acid  is  9  :  18*25. 

\ICTOR  MEYER'S  METHOD.— The  apparatus  for  this  method  is 
Very  simple  (see  Fig.  51).  In  the  tube  A  the  weighed  quantity  of 
iBubstance  is  vapourised,  and  the  vapour  displaces  its  own  volume  of 
air,  which  escapes  by  the  side  tube  and  is  collected  in  0,  where  it  is 
Ineasured,  and,  after  reduction  to  standard  temperature  and  pressure, 
Sts  weight  calculated.  The  weight  of  substance,  divided  by  this 
height  of  air,  evidently  gives  the  relative  weight  to  air.     The  air 
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may  even  be  supposed  to  be  hydrogen,  because  hydrogen  and  air 
occupy  the  same  volume  by  Avogadro's  law. 

In  this  process  the  substance  to  be  vapourised  is  weighed  in  a  tiny 
tube  (to  be  seen  inside  the  bulb  of  A),  the  quantity  taken  being 
such  that  the  air  displaced  by  its  vapour  can  all  be  collected  in  the 
50  c.c.  measuring  tube.  In  the  outer  tube  B  is  a  liquid  of  higher 
boiling-point  than  that  of  the  substance  to  be  examined.  The  sub- 
stance must,  of  course,  be  able  to  withstand  the  temperature  necessary 
for  complete  vapourisation  without  decomposition  or  change.  The 
cork  is  removed  from  A,  the  liquid  boiled  in  B,  and  the  tube  C, 
filled  with  water,  adjusted  over  the  end  of  A.  The  heating  is  kept 
up  until  the  whole  system  has  come  into  a  steady  state  of  gain  and 
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Fig.  51. 


loss  of  heat.  This  may  be  twenty  or  thirty  minutes.  (A  cotton-wool 
or  asbestos  plug  at  the  top  of  B  is  an  advantage.)  The  small  tube, 
with  its  contained  substance,  is  then  dropped  in  open  end  foremost, 
and  the  cork,  quite  leisurely,  placed  in  A.  No  air  must  be  pushed 
into  C  during  this  corking.  In  the  course  of  a  minute  or  two  ike 
substance  in  the  little  tube  will  begin  to  vapourise,  and  the  vapour 
rising  in  the  tube  will  push  its  own  volume  of  air  before  it  into  C 
The  action  may  begin  slowly  and  then  become  quite  violent,  oeasmg 
again  suddenly.  When  no  more  bubbles  escape — generally  two  df 
three  minutes — the  cork  is  removed  from  A,  the  measuring  tub* 
carefully  transferred  to  the  cylinder  full  of  water,  the  water  mad* 
level  inside  and  outside  the  tube,  and  the  volume  read  off,  tei»- 
perature  and  pressure  being  at  the  same  time  noted. 
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D  =  density. 
S  =  weight  of  substance. 
V  ==  volume  of  collected  air  (or  hydrogen). 

(B-w)=»the  height  of  barometer,  less  the  pressure  of  water 
vapour  at  temperature  of  observation. 
760  ^  normal  height  of  barometer. 
•00367  =  coefficient  of  expansion  of  gases. 
•000089G  =  weight  of  1  c.c.  hydrogen. 


DETERMINATION   OF   MOLECULAR  WEIGHTS— 
CRYOSCOPIC  AND  EBULLTOSCOPIC  METHODS. 

The  determination  of  the  molecular  weight  of  a  substance  by  the 
cryoscopic  or  ebullioscopic  method  depends  upon  two  facts  which 
have  long  been  well  known,  but  which  have  only  comparatively  re- 
cently been  so  thoroughly  investigated  as  to  render  these  methods  of 
molecular  weight  determination  of  at  least  equal  importance  to  the 
older  method  of  determination  depending  upon  the  density  of  the 
substance  in  the  gaseous  state.  The  new  methods  of  determination 
have  the  further  advantage  that  they  can  be  applied  to  all  soluble 
substances,  and  not  merely  to  those  which  are  volatile  without  de- 
composition. 

CRYOSCOPIC  METHOD.— The  cryoscopic  or  freezing-point  method 
depends  upon  the  well-known  fact  that  the  solution  of  any  substance 
iu  a  given  medium  lowers  the  freezing-  (or  melting-)  point  of  that 
medium.  Thus  it  is  well  known  that  salt  water  freezes  with  much 
greater  -difficulty  than  fresh  water,  and  that  a  saturated  solution  of 
common  salt  in  water  is  more  difficult  to  freeze  than  sea  water 
itself. 

This  brings  out  the  first  point  in  connection  with  the  determina- 
tion of  molecular  weight  by  the  cryoscopic  method — viz.,  that  the 
depression  of  the  freezing-point  of  any  solvent  is  directly  propor- 
tioQed  to  the  quantity  of  matter  of  any  one  kind  dissolved  in  it. 

Dealing  with  matter  of  variouskinds,  it  is  found  that  equal  weights 
of  different  substances  dissolved  in  the  same  weight  of  solvent  usually 
produce  dififerenoes  in  the  depression  of  the  freezing-point  of  the 
Bolvent  Thus  it  is  found  that  in  the  cases  of  the  chlorides  of  potassium 
and  sodium  dissolved  in  water,  74*5  parts  by  weight  of  potassium 
chloride  lower  the  freezing-point  of  water  to  the  same  extent  as  58*5 

Cof  Bodium  chloride  in  the  same  amount  of  the  same  solvent. 
numbers  74*5  and  58*5  are,  for  certain  reasons,  considered  to 
be  the  molecular  weights  of  KCl  and  NaOl  respectively,  and  hence 
"^*5  parts  of  KCl  and  68*5  parts  of  NaCl  contain  an  equal  number  of 
molecolee,  from  which  it  follows  that  the  depression  of  the  freezing- 
point  of  a  solvent  depends  upon  the  number  of  molecules  of  substance 
dindved  in  it,  and  that  an  equal  number  of  molecules  of  all  substances 
have  the  same  effect  in  lowering  the  freezing-point  of  the  goWeiit. 
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The  actual  determination  of  the  molecular  weight  by  this  process 
is  carried  out  as  follows  :  A  suitable  solvent  having  been  selected,  a 
weighed  quantity  is  taken  and  its  freezing-point  accurately  deter- 
mined by  means  of  a  special  thermometer  graduated  to  xJry^*  ^^^  ^Y 
which  the  temperature  can  be  estimated  to  ^qqq°  C.  The  special 
thermometer  is  so  constructed  that  a  portion  of  the  mercury  can  be 
transferred  to  another  bulb  at  the  top  of  the  thermometer,  and  in 
this  way,  by  altering  the  amount  of  mercury  used,  the  thermometer 


Fig.  52. 


can  be  made  available  for  use  over  a  wide  range  of  temperature,  and 
therefore  with  various  solvents. 

It  should  be  remembered  that  the  absolute  freezing-point  of  the 
solvent  is  not  required  in  the  determination,  but  that  the  method 
consists  in  determining  the  difference  between  the  freezing-point  of 
the  pure  solvent  and  the  freezing-point  of  the  solvent  containing  a* 
known  weight  of  substance  in  solution.  The  thermometer  is  there- 
fore so  adjusted  that  the  freezing-point  of  the  solvent  falls  well  within 
the  scale  of  the  thermometer.  The  solvent  is  then  cooled,  with 
constant  stirring,  to  a  temperature  somewhat  below  its  freezing-point 
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(nearly  all  substances  undergo  superf  usion*  and  can  be  cooled  more  or 
less  below  their  true  freezing-point  without  solidifying).  Suddenly 
solidification  begins  to  take  place  and  the  tempei'atui'e  begins  to  rise. 
The  highest  point  to  which  the  temperature  rises  is  taken  as  being  the 
true  freezing-point  of  the  solvent.  Tnis  point  should  be  determined 
two  or  three  times  or  till  a  constant  result  is  obtained.  When  the 
freezing-point  of  the  weighed  amount  of  solvent  has  been  determined, 
a  weighed  amount  of  the  pure  dry  substance  of  which  the  molecular 
weight  has  to  be  determined  is  dissolved  in  the  liquid,  and  thefreezing- 
point  is  again  determined  as  before.  The  difference  between  the  two 
freezing-points  gives  the  depression.  The  solution  should  not,  as  a 
rule,  be  a  strong  one  ;  2  to  3  per  cent,  is  usually  sufficient  to  give  a 
sufficiently  well-  marked  depression  in  the  freezing-point,  except  in 
the  case  of  substances  possessing  a  very  large  molecular  weight. 

The  molecular  weight  may  now  be  easily  calculated  by  means  of 
the  following  formula  : 

TVTTIT       n      W      100 

M.W.  =  Cx  =-  X— — 

i_)  O     I 

where  M.W.  =  molecular  weight, 

W  =  weight  of  anhydrous  substance  (in  grams), 
B  (or  8t°0)  —  depression  of  freezing-point  in  degrees  C, 
S  =  weight  of  solvent  taken  (in  grams). 

*  Superfusion. — The  melting-point  of  a  solid  is  a  most  characteristic 
property  of  the  substance,  not  only  as  regards  temperature,  but  also  the 
potential  heat  of  melting.     The  action  of  heat  on  a  solid,  causing  it  to  rise  in 


Boiling  PcHint 


Melting 


Point 


Ordinary     Temperature 
Fig.  54.--  . 


^nperature  (expand  al£0,  perhaps),  melt,  and  finally  vapoarise,  can  be  shown 
^  the  rongh  diagram.  At  1  the  substance  is  solid  ;  at  2  begins  to  melt,  and 
*WbB  heat-energy  to  a  certain  extent  until  all  is  melted  at  3,  remaining  all  this 
^e  «t  the  melting  temperature ;  it  then  gets  hotter  until  4,  the  boiling-point. 
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C  is  a  number  which  has  to  be  introduced  according  to  the 
solvent  selected  for  the  determination.  It  is  a  number  which  is  a 
constant  for  each  particular  solvent.  It  may  (if  unknown)  have  to 
be  determined  by  finding  the  depression  produced  in  the  freezing- 
point  by  weighed  quantities  of  substances  of  known  molecular  weight, 
as  determined,  say  by  the  Victor  Meyer  Method,  when  in  the  above 
equation  all  the  terms  will  be  known  except  C,  which  can  then  be 
easily  calculated. 

The  values  of  C  for  the  solvents  most  generally  used,  together 
with  the  approximate  freezing-points,  are  appended. 

F.P.       C.      I  F.P.       C. 


Ethjleoe  bromide 

8 

118 

Aniline 

6 

58-7 

Acetic  acid 

17 

39 

Nitro-phenol  (1  : 2) 

.     44 

74-4 

Benzene 

5 

49 

/3-Naphthol  . 

.  121 

112-5 

Xylene  (1:4) 

16 

43 

Tribromo-pbenol 

Naphthalene 

80 

68 

(2:4:6)    .         . 

.     95 

204 

Anthracene 

213 

116-5 

Water   . 

0 

18-5 

Phenol 

38-5 

74 

1   Nitro-benzene 

6 

70 

The  idea  of  the  cryoscopic  method  of  molecular  weight  determina- 
tion is  chiefly  due  to  the  chemist  Raoult.  The  special  thermometei's 
and  the  practical  process  and  apparatus  are  the  invention  of  Beckmann. 

EBULLIOSCOPIC  METHOD.— The  ebullioscopic  method  of  mole- 
cular weight  determination  is  similar  in  principle  to  the  cryoscopic 
method,  but  depends  upon  the  elevation  of  the  boiling-point  of  a 
solvent  produced  by  the  solution  of  a  given  weight  of  the  substance 
of  which  the  molecular  weight  has  to  be  determined. 

The  thermometer  used  is  similar  to  the  one  for  cryoscopic  de- 
terminations, and  the  apparatus  generally  used  has  been  designed  also 
by  Beckmann.  This  apparatus  consists  of  two  parts — an  inner  one  in 
which  the  actual  boiling-point  determinations  are  made,  and  an  outer 
one  in  which  the  same  liquid  (or  one  of  nearly  the  same  boiling-point) 
is  heated  with  the  object  of  screening  the  inner  portion  frona 
draughts  and  so  obtaining  perfectly  constant  temperatures.  Both 
portions  have  a  condensing  arrangement  to  prevent  loss  of  liquid. 
The  boiling-point  of  a  weighed  portion  of  the  solvent  is  first  de- 
termined to  i7jVi7**,  and  then  a  weighed  quantity  of  the  substance  xS 
introduced  and  the  elevation  of  the  boiling-point  determined.  (As 
before,  absolute  temperature  mea^surements  are  not  required.)  Th^ 
point  at  which  the  boiling  liquid  becomes  constant  in  temperatur® 
is  taken  in  both  cases,  and  the  difference  gives  the  elevation  of  th® 
boiling-point.     The  bulb  of  the  thermometer  must  be  completely 

is  reached.  On  carefully  reversing  the  process  from  the  boiling-point  it  ijj 
easily  possible  to  pass  the  point  5,  where  the  substance  should  solidify  au^ 
give  up  its  potential  heal  of  melting,  and  the  whole  be  cooled  down  to  ordinary 
temperature,  but  remain  a  liquid.  In  this  condition,  on  being  touched  with 
some  of  the  same  substance  in  a  solid  state,  this  liquid  will  suddenly  solidif]^ 
the  potential  energy  then  appearing  as  heat,  the  same  amount  being  produced 
as  was  absorbed  in  the  stage  2-3.  The  temperature  will  therefore  rise  frofli 
the  ordinary  to  7,  which  by  the  diagram  is  evidently  equal  to  2,  or  the  melting- 
ooint. 
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immersed  in  the  boiling  liquid,  and  in  order  to  render  the  boiling 
regular  it  is  usual  to  introduce  a  quantity  of  some  solid  substance 
which  is  not  acted  upon  or  dissolved  by  the  liquid. 

The  molecular   weight  can   be  calculated   from  the  following 
formula : 

M.W.  =  0x5xl^; 

where  M.W.  =  molecular  weight, 

W  =  weight  of  anhydrous  substance  (in  grams), 
E  =  elevation  of  boiling-point  in  degrees  C, 
S  a=  weight  of  solvent. 

£  is  more  generally  put  as  At°. 

0  is  a  number  or  constant  depending  upon  the  solvent  used. 

Values  of  C  and  approximate  boiling-points  of  different  liquids : 


B.P. 

C. 

B.P. 

C. 

Carbon  bisulphide 

46 

23-7 

Water 

.     100 

5-2 

Carbon  tetrachloride 

.       78 

48 

Ethylic  acetate  . 

.       75 

27 

Chloroform 

61 

36-6 

Benzene     . 

.       80 

27 

Ethylene  dibromide 

132 

63-2 

Nitro-benzene    . 

.     205 

60-2 

Eethylic  alcohol 

67 

9-0 

Aniline 

.     184 

32-2 

MthyUc  alcohol  . 

.       79 

11-5 

Phenol 

.     183 

30-4 

Kther 

35 

21 

Camphor    . 

.     204 

61 

Acetone     . 

56 

17 

Pyridine     . 

.     115 

30 

Formic  acid       . 

101 

34 

The  illustrations  will  give  a  much  clearer  notion  of  the  apparatus 
^  than  any  description.  It  is  not  necessary  to  use  a  chemically 
pure  solvent  in  either  method  to  obtain  satisfactory  results,  but 
iwtarally  the  use  of  impure  solvents  is  to  be  deprecated. 
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CHAPTER  IX. 

ANALYTICAL  GROUPS :   REACTIONS  OF  THE 
METALS  OF  GROTTP  V. 

-This  group  comprises  the  metals  potassium,  sodium  (alkali  metals), 
Ammonium,  and  magnesium,  which  are  not  precipitated  by  any 
group  reagent,  as  most  of  their  compounds  are  very  soluble  in  water. 

(-1)  POTASSIUM,  K.  Atomic  weight,  39-1.  Specific  gravity,  0-87. 
Melting-point,  62-5°  C.  Boiling-point,  719-731**  C— Is  found  in 
coinbination  in  large  amount  only  in  a  few  minerals,  of  which  salt- 
petre is  the  most  important.  It  is  present  in  some  silicates,  such 
as  felspar,  in  the  ashes  of  plants  (crude  potashes),  and  in  the  form 
of  chloiide  in  saline  deposits  (at  Stassfurth  in  Germany  and  else- 
where). 

The  metal  is  obtained  by  driving  the  melted  hydroxide  over  very 
strongly  heated  iron  turnings,  and  condensing  the  vapour  in  a  heavy 
mineral  oil,  petroleum,  which  has  no  action  upon  it,  and  also 
protects  it  from  the  air.  It  has  a  brilliant  silver- white  lustre 
on  a  freshly  cut  surface,  which  immediately  tarnishes  on  contact 
with  air,  becoming  covered  with  oxide.  It  decomposes  water  when 
brought  in  contact  with  it,  the  heat  produced  being  suflSicient  to 
inflame  the  liberated  hydrogen.  The  metal  is  so  soft  that  it  may  be 
easily  squeezed  by  gently  pressing  a  small  piece  with  the  end  of  a 
test-tube  or  glass  rod.  It  is  generally  kept  under  rock  oil  or  paraflin, 
to  prevent  oxidation. 

N.B.  Caution, — Do  not  on  any  account  touch  the  metal  with 
the  fingers  or  bring  it  in  contact  with  acids. 

'^ 
ExpeFlments. 

I.  A  very  small  piece,  not  larger  than  a  pea,  of  the  metal  is  taken 
from  the  petroleum,  dried  between  several  thicknesses  of  dry  blotting- 
paper,  and  placed  on  a  porcelain  crucible  lid  and  gently  warmed. 

The  metal  will  melt  and  then  ignite  in  the  air.  White  fumes 
escape,  and  a  greyish  substance,  mostly  KgO,  remains  on  the  lid. 
Allow  to  cool,  then  place  in  water.  The  greyish  oxide  will  dis- 
solve and  the  temperature  will  rise  considerably.  Great  care 
must  be  taken  that  all  the  metal  has  oxidised,  or  an  explosion  may 
result. 


122 


A  COURSE  OF  PRACTICAL  CHEMISTRY 


The  water  will  be  found  to  convert  red  litmus  into  blue.  Reserve 

this  solution. 

II.  Carefully  wipe  as  before  a  very  small  piece,  less  than  in  I.,  of 

the  metal,  and  drop  on  to  some  perfectly  clean  and  cold  water  con- 
tained in  a  dish  covered  by  a  funnel^  as 
in  Fig,  55. 

A  beaker  covered  by  a  funnel  will 
do  as  well.  The  metal  will  appear  to 
burn.  The  flame  is  really  due  to 
hydrogen,  but  it  is  coloured  by  some 
potassium  vapour.  A  red-hot  globule 
of  potassium  oxide  swims  on  the  water, 
and  finally  dissolves  with  a  slight  ^ex- 
plosion. 

Test  this  solution  as  in  I.  Then 
add  a  diluted  acid  drop  by  drop  until 
litmus  paper  shows  neither  red  nor 
blue,  but  a  claret  tint.  A  salt  of 
potassium  has  been  formed.  Evapo- 
rate the  solution  to  dryness,  when 
crystals  of  the  salt  will  be  left. 


Fig.  55. 


Dry  Reactions  of  Potassium  Compounds.* 

Most  potassium  compounds,  heated  in  small  quantities  on  a  thin 
platinum  wire  in  the  inner  flame  of  the  blowpipe,  or  in  the  lower 
outer  edge  of  the  Bunsen  flame,  undergo  dissociation,  the  vapour  of  the 
metal  imparting  a  violet  colour  to  the  outer  flame.  When  examined 
with  the  aid  of  a  spectroscope  t  the  potassium  spectrum  is  found  to 

♦  When  solids  are  heated  in  a  tube,  or  on  charcoal,  or  on  a  platinum  wire, 
without  any  liquid  being  employed  on  them,  they  are  said  to  be  undergoing 
**  dry"  reactions,  or  the  dry  examination. 

These  dry  reactions  are  given,  as  a  rule,  by  every  compound  of  the  element. 

When  dissolved  in  water  or  other  solvent,  and  this  solution  is  treated  with 
reagents,  it  is  undergoing  "wet  "  tests,  or  reactions  in  solution. 

As  regards  wet  reactions,  almost  any  soluble  compound  of  the  element  will 
answer.  Home  do  so  in  an  eminent  degree,  and  aie  also  easy  to  obtain. 
Nitrates,  chlorides,  sulphates,  are,  generally  speaking,  most  workable  in  this 
respect,  and  should  be  used  in  doing  the  reactions.  Oxides,  sulphides,  phos- 
phides, and  insoluble  compounds  are  less  suitable,  as  they  sometimes  com- 
plicate matters  for  beginners  by  producing  secondary  reactions  or  complex 
products. 

N.B. — Students  are  advised  to  perform  all  the  experiments  and  reactions 
with  each  metal  of  a'group,  and  then  attempt  a  method  of  separation  founded 
on  the  knowledge  gained.  Use  the  salts  you  have  made  from  the  metal,  if 
possible,  for  the  first  reactions. 

i*  When  elements  in  the  gaseous  condition,  or  vapourised  by  strong  ignition, 
are  examined  by  means  of  the  spectroscope,  they  may  be  distinguished  from 
each  other  by  the  respective  spectra  which  they  give.  The  intensity  of  the 
spectra  of  metallic  elements  is  so  much  greater  than  that  of  the  non-metals 
that  the  latter  are  only  rarely  seen.  The  heat  which  can  be  produced  by  a 
good  Bunsen  gas-burner  is  not  strong  enough  to  volatilise  all  elements  or  to 
heat  their  vapour  highly  enough.  Most  heavy  metals  can  onlj  be  volatilised 
by  means  of  an  electric  spark,  making  use  of  ati  induction-coil,  by  placiog 
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consist  mainly  of  two  lines,  a  comparatively  strong  line,  Ka,*  in  the 
red,  and  a  faint  line,  E/3,  in  the  blue. 

This  applies  more  particularly  to  those  potassium  salts  which  are 
volatile  without  decomposition  at  a  strong  red  heat  (such  as  potassium 
chloride,  bromide,  iodide,  and  cyanide)  or  which  are  decomposed  by 
heat;  but  not  to  non-volatile  potassium  salts,  such  as  phosphates, 
silicates,  or  borates,  which  give  scarcely  any  flame  reaction  until  they 
are  moistened  with  an  acid,  as  hydrochloric,  or,  if  that  be  without 
action,  heated  together  with  pure  calcium  sulphate  or  silver  sulphate. 
The  presence  of  sodium  compounds  gives  rise  to  an  intense  golden- 
yellow  flame,  which  conceals  the  potassium  reaction  ;  but  when  seen 
through  a  blue  glass,  or  indigo  solution,  the  yellow  or  sodium  flame 
is  entirely  cut  off,  and  the  potassium  flame  becomes  distinctly  visible, 
and  is  then  of  a  rich  reddish- violet  colour. 

the  metals  between  the  poles.  In  order  to  analyse  the  ordinary  gases 
spectroscopically,  the  spark  is  passed  through  the  gases,  contained  in  tubes 
which  are  filled  with  the  gas  and  then  exhausted  with  an  air-pump.  The 
filling  and  exhansting  is  repeated  several  times,  and  finally  a  good  vacuum 
obtained.  Traces  of  the  gases  are  left,  which  on  agitation  by  an  induction 
spark  become  luminous.  These  tubes  can  be  made  and  used  by  any  one  if  a 
SSprengdl  or  other  mercurylpnmp  is  available.     (See  Fig.  56. ) 


Fig.  56. 

It  is  nsual  to  employ  the  spectroscope  only  for  the  examination  of  those 
elements  which  can  be  volatilised  by  means  of  a  gas  flame,  viz.,  a  good 
BoDsen  burner.  Such  are  the  alkali  metals,  sodium,  potassium,  rubidium, 
cssiom,  Uthinm ;  the  alkaline  earthy  metals,  barium,  strontium,  calcium  ;  and 
the  heavy  metals  thallium  and  indium.  Lead,  copper,  arsenic,  antimony, 
and  some  other  metals,  and  phosphorus,  boric  acid,  and  less  easily  sulphur, 
wleniom,  tellnrinm,  will  also  show  colours  in  a  Bunsen  flame,  and  a  few  lines 
nay  be  distiDg^aiBhed.  The  compounds  most  suitable  are  the  chlorides, 
nitrates,  chlorates,  and  carbonates  of  the  metals.  A  small  portion  is  placed 
on  1  loop  of  thin  platinum  wire,  introduced  into  the  non-luminous  portion  of 
^  flame,  and  the  spectrum  of  the  coloured  flame  examined.  The  different 
demeiits  are  diBtingniahable  by  their  respective  colours,  as  well  as  by  the 
position  which  certain  coloured  lines  or  bands  occupy  in  the  continuous  solar 
iwctnim.  The  lines  are  not  all  of  the  same  intensity,  and  therefore  not 
oqnally  available,  so  that  it  is  only  by  employing  large  quantities  of  pure 
nbituices,  and  beating  them  very  intensely,  that  many  of  the  less  prominent 
Knes  can  be  observed.  The  delicacy  of  the  reaction  is,  however,  so  great  that 
^  merest  traces  can  be  discovered.  Spectroscopic  analysis  constitutes  a 
n>oit  valuable  auxiliary  to  the  ordinary  means  of  chemical  investigation. 

*  Principal  spectral  lines  of  elements  are  generally  designated  by  a  letter 
for  ordinary  reference  purposes.  Compare  the  table  of  some  metallic  elements 
opposite  title-page. 
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A  more  simple  method  of  detecting  potassium  in  the  presence  of 
a  large  quantity  of  sodium  compounds  is  the  following  :  A  small 
portion  of  the  substance  is  moistened  with  concentrated  hydrochloric 
acid  and  placed  on  a  loop  of  thin  platinum  wire.  The  wire  is  then 
gradually  brought  near  to  a  point  in  the  Bunsen  flame  about  half 
an  inch  above  the  top  of  the  burner.  Compounds  of  potassium 
being  more  volatile  than  those  of  sodium,  the  violet-coloured  flame 
will  be  clearly  observed  before  any  ti'ace  of  the  yellow  sodium  flame 
is  visible. 

Reactions  in  Solution. 

Nearly  all  potassium  Siilts  are  soluble  in  water. 

Piatinic  chloride,  PtCl^,  precipitates  from  potassium  solutions 
which  are  not  very  dilute,  a  yellow  cr}'^stalline  precipitate  of  potas- 
sium piatinic  chloride,  2KCl.PtCl^,  insoluble*  in  strong  alcohol^.or 
in  alcohol  and  ether  mixture,  as  well  as  in  acids. 

C,Hj(OH),(CO,H),  (tartaric  acid)  precipitates  white  crystalline 
hydrogen  potsissium  tartrate,  C,H,(OH),CO,HCOjK,  from  neutral  and 
sufficiently  concentrated  solutions.  The  precipitate  settles  rapidly, 
especially  after  sluiking  or  stirring. 

2HF,SiF^  (hydrofluosilicic  acid)  gives  a  white  gelatinous  precipi- 
tate of  potassium  silicofluoride,  2KF,SiF^ ;  difficultly  soluble  in  water 
(1  in  8i^8  parts  at  17*5°  C.) ;  insoluble  in  alcohol. 

The  hydroxide  and  caibonate  constitute  two  important  reagents, 
on  account  of  the  chemical  activity  of  the  metal  or  base  potassium, 
which  can  supplant  or  expel  most  other  metals  from  their  com- 
binations with  acids,  ttc. 

(2)  SODIUM,  Na'.  Atomic  weight,  23.  Specific  gravity,  0-974. 
Melting-point,  90"  C. — This  metal  somewhat  resembles  potassium  in 
appearance,  but  is  a  little  harder,  and  does  not  oxidise  so  rapidly  in 
air,  nor  is  its  action  on  water  so  energetic  as  that  of  the  latter  metal. 
Its  compounds  occur  in  nature  in  vast  masses,  as  rock  salt,  NaCl ; 
as  carbonate,  in  native  soda,  Na^COj,  1  OGHj,  and  in  trona, 
NajjC03,2HNaC03,30H, ;  as  nitrate,  in  cubic  nitre,  or  Chili  saltpetre, 
NaNOg ;  as  sulphate  or  Glauber's  salt,  Na,SO^,10OH, ;  as  biborate, 
NagBPyjlOOHj;  as  glauberite,  Na^SO^jCaSO^ ;  and  as  cryolite, 
6NaF,AljFg ;  and  in  many  silicates,  of  which  albite  may  be  taken  as 
the  representative.  Most  sodium  compounds  are  easily  soluble  in 
water,  a  few  silicates  and  cryolite  excepted. 

Sodium  may  be  obtained  in  a  similar  manner  to  potassium,  and 
also  by  heating  the  hydroxide  or  oxide  to  a  high  temperature  with 
carbon.  The  metal  distils  over  similarly  to  potassium,  and  is  kept 
under  petroleum  or  in  a  perfectly  dry  atmosphere. 

Experiments. 

I.  A  small  piece  of  sodium  (freed  from  oil)  heated  on  a  bit  of 
porcelain  behaves  very  like  potassium,  K,  but  requires  a  little  higher 

*  The  degree  of  solubility  of  a  precipitate  in  different  media  can  only  be 
ascertained  by  quantitative  experiments. 
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temperature  before  commencing  to  burn.  The  oxide  produced  is 
generally  whiter  than  with  K.  Its  behaviour  with  water  is  almost 
identical  with  that  of  K. 

II.  A  small  piece  of  the  metal  placed  in  cold  water,  as  with 
potassium,  melts  and  runs  about  and  disengages  hydrogen,  which 
may  be  set  on  fire.  The  flame  is  coloured  intensely  yellow.  A 
globule  of  red-hot  hydroxide  floats  on  the  water,  and  finally  dissolves, 
spirting  or  exploding  as  it  cools  down.  The  solution  is  alkaline  to 
litmus,  as  with  K. 

Neutralise  the  solution  with  an  acid,  and  evaporate  to  dryness. 
Note  the  physical  characters  of  the  salt  produced,  whether  deli- 
quescent, &c, 

N.B. — Sodium  should  not  be  touched  by  the  fingers,  and  must  not 
he  put  in  contact  with  acids. 

Dry  Reactions. 

The  intense  golden-yellow  colour  which  sodium  compounds 
impart  to  the  outer  blowpipe  flame  is  almost  exclusively  relied  upon 
for  the  detection  of  the  metal.  Its  spectrum  consists  of  a  bright 
doable  line,  coinciding  with  the  D  line  of  the  solar  spectrum,  and 
several  green  lines,  somewhat  difficult  to  see.  Some  sodium  salts 
are  readily  recognised  by  their  characteristic  taste,  especially  rock 
salt  and  cubic  nitre. 

Reactions  in  Solution. 

Sodium  salts  are  even  more  freely  soluble  in  water  than  potassium 
salts,  and  platinic  chloride  or  tartaric  acid  give  no  precipitates^ 
although  analogous  compounds  are  formed.  Hydrofluosilicic  acid 
gives  a  gelatinous  precipitate  from  concentrated  (aqueous)  solutions 
only ;  the  precipitate  is  insoluble  in  alcohol. 

Sodium  hydroxide  and  carbonate  act  in  many  respects  like  the 
corresponding  potassium  compounds. 

Both  metals  form  oxides,  K^O  and  NagO,  and,  in  addition, 
peroxides  or  dioxides,  K,0,  and  NajO,,.  Sodium  dioxide  has  become  a 
technical  product,  and  is  largely  used  as  an  oxidising  agent.  A  little 
of  these  is  formed  when  the  metals  burn  in  air.  Sodium  dioxide 
is  made  by  heating  the  mcmoxide,  Na^O,  in  a  current  of  air  or  oxy- 
gen. These  oxides  on  contact  with  water  become  very  hot ;  oxygen 
is  evolved,  and  some  peroxide  of  hydrogen  is  also  produced. 

(3)  AMMONIUM,  NH^,  generally  shortened  to  Am.  Combining 
weight,  18.  Hypothetical  metal  or  '*  compound  radical ''  in  combina- 
tion. 

Ammonia,  NHj,  is  obtainable  from  nitrates  by  the  action  of 
nascent  hydrogen,  as  when  moist  iron  or  zinc  filings  or  aluminium 
is  mixed  and  heated  with  a  nitrate ;  from  the  distilLition  of  many 
organic  compounds,  containing  nitrogen,  with  a  hydroxide,  as  KHO. 
Its  chief  commercial  source  at  present  is  coal,  the  NH3  being  formed 
during  the  heating  of  coal  in  the  gas  manufacture.  From  the  coal- 
gas  it  is  separated  by  washing  with  water  and  weak  acids. 
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Experiments. 

Mix  a  few  grams  of  potassium  nitrate  with  five  or  six  times  as 
much  fine  iron  filings  and  moisten  very  slightly.  Warm  the  mixture 
gently  in  a  test-tube  or  flask  fitted  with  a  cork  and  glass  tube. 
(See  Fig.  22,  or  "  Chlorine,"  later.) 

Catch  some  of  the  gas  in  an  inverted  dry  test-tube  in  which 
a  piece  of  red  litmus  paper  has  been  placed.  Fill  another  tube 
similarly  and  then  introduce  a  few  drops  of  water  ;  close  tube  with 
thumb  and  shake.  A  partial  vacuum  will  be  formed  by  the  gas 
dissolving  in  the  water.  Add  litmus  to  the  water.  Add  acid  to 
this  water  until  neutral,  and  evaporate  carefully  to  dryness — best  on 
a  water- bath.     An  ammonium  salt  is  formed. 

The  reaction  between  a  nitrate  and  moist  iron  may  probably  be 
shown  by  the  two  expressions 

2(KN03)  +  5Fe  =  5FeO  +  K,0  +  N„ 
3Fe  +  3H,0  =  3FeO  +  6H,^. 

the  actions  going  on  simultaneously.  The  H  and  N  being  liberated 
together,  combine  to  form  2(NH3).  The  reactions  may,  however,  be 
more  complex  than  this. 

Feathers,  horsehair,  wool,  or  silk,  cut  into  small  pieces  and  mixed 
with  two  or  three  times  as  much  calcium  hydroxide  (slaked  lime),  in 
powder,  and  then  heated,  also  give  off  ammonia. 

Any  ammonium  compound,  as  sal  ammoniac,  NH^GI,  when  mvxed 
and  warmed  with  lime,  or  almost  any  other  oxide  or  hydroxide,  will 
give  off  NH3  as  gas  :  2NH,C1  +  CaO  =  2NH3  +  H,0  +  CaCl,. 

The  gas  is  very  soluble  in  cold  water,  but  may  be  expelled  there- 
from on  boiling  for  a  short  time.  Alcohol  dissolves  still  more  NH, 
than  water.     Both  solutions  absorb  CO,  from  the  air. 

When  ammonia,  NH,,  either  in  the  gaseous  state  or  in  solu- 
tion in  water,  comes  in  contact  with  acids,  a  ''  direct "  combina- 
tion takes  place.  No  hydrogen  is  displaced  on  either  side;  thus, 
NIl3-f-HCl  =  NH,Cl.  The  water  solution  of  NH,  acts  very  much 
like  KHO  or  NaHO,  and  is  therefore  termed  a  hydrate  or  hydroxide^ 
supposed  to  be  NH^OH.  The  salts  of  ammonia  closely  resemble  K 
and  Na  salts ;  hence  the  ''  um "  ending,  which  indicates  that  in 
combination  NH,  appears  to  some  extent  to  act  the  part  of  a  metal. 

A  red-hot  platinum  wire  suspended  in  a  mixture  of  ammonia  gas 
and  air  continues  to  glow  owing  to  an  oxidation  of  the  hydrogen 
and  nitrogen.  Some  oxides  of  nitrogen  are  formed,  which  eventuiJIj, 
on  contact  with  water,  produce  a  mixture  of  nitric  and  nitrous 
acids.  NH3  does  not  burn  in  air,  but  readily  in  oxygen,  with  a 
yellow  fiame.  Ammonia  solution  slowly  oxidises  on  exposure  to 
air,  some  nitrous  acid  being  formed. 

Some  metals,  as  Na,  K,  Mg,  decompose  NH,  when  heated  in  a 
stream  of  the  gas,  giving  off  hydrogen  and  forming  nitrides : 

Na,  -f-  2NH3  =  2NaNH,  +  H„  and  2NH3  +  3Mg  =  Mg,N,  -h  8H,. 

These  nitrides  are  decomposed  again  by  water  into  metallic  oxicles 
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and  NH3 :  MgjNj  +  3H,0  =  8MgO  +  2NH:3.     Some  of  this  nitride  is 
formed  when  Mg  bums  in  air. 

Dry  Reactions. 

Most  ammonium  salts,  when  strongly  heated  in  a  dry  tube, 
volatilise,  either  entirely  or  partially.  Salts  with  non-volatile  acids, 
such  as  phosphoric,  lose  ammonia,  NH3.  Salts  of  ammouium  with 
volatile  acids  can  be  volatilised,  either  with  decomposition,  such  as 
the  nitrate,  nitrite,  sulphate,  the  latter  with  formation  of  nitrogen, 
water,  ammonia,  and  sulphurous  anhydride ;  or  practically  unchanged, 
such  as  the  chloride,  bromide,  iodide. 

When  solids  vapourise  on  heating  and  condense  again  to  solids 
on  the  cooler  parts  of  the  apparatus  the  process  is  termed 
*^SUbliinatiOII."     it  does  not  differ  essentially  from  distillation.'^ 

Reactions  in  Solution. 

All  ammonium  salts  are  soluble  in  water. 

Platinic  chloride  produces  a  heavy  yellow  precipitate  of 
ammonium  platinic  chloride,  2NH^Cl,PtCl^.  The  precipitate  is 
soluble  in  much  water  (hence  there  appears  no  precipitate  from 
dilute  solutions),  but  insoluble  in  alcohol  and  ether.  Ammonium 
platinic  chloride  leaves  on  ignition  mdy  spongy  platinum.  (Distinc- 
tion from  potassium  platinic  chloride,  which  leaves  spongy  platinum 
and  potassium  chloride,  Pt  +  2KC].) 

Tartaric  acid  produces  from  a  concentrated  solution  of  an  ammo- 
niam  salt  a  white  crystalline  precipitate  of  hydrogen  ammonium 
tartrate,  resembling  the  potassium  precipitate  in  its  appearance.  The 
two  precipitates  are  readily  distinguished  on  ignition.  Hydrogen 
potassium  tartrate  leaves  a  carbonaceous  residue,  which  is  strongly 
alkaline,  and  the  potassium  carbonate  which  it  contains  dissolves  in 
water.  The  other  leaves  merely  a  residue  of  carbon,  devoid  of  any 
alkaline  reaction. 

Neutral  or  normal  salts  of  some  polybasic  oxy-acids — e.g.,  well- 
dried  alkali  borates  or  phosphates — readily  decompose  ammonium 
saltB,  especially  when  heated,  with  evolution  of  ammonia  gas  and 
formation  of  acid  salts.  Calcium  phosphate  will  also  liberate  NH3, 
thus: 

Ca,P,Og  +  2NH,C1  =  Ca^H^P^Og  +  CaCl,  +  2NII3,  and 
Ca,H,P,03  -  H,0  =  Ca,P,0,. 

This  reaction  distinguishes,  therefore,  between  normal  and  acid 
nits  of  polybasic  acidS. 

A  number  of  other  phosphates  behave  similarly  to  the  calcium 
salt. 

Ammonia  gas  is  readily  recognised,  1st,  by  its  pungent  odour  ; 
2ncl,  by  its  turning  red  litmus  paper  blue  ;  3rd,  by  its  combining 
^th  the  vapour  of  volatile  acids  (such  as  hydrochloric  acid)  to  form 
white  fumes  (NH.Cl). 

Nessler's  test*  for  traces  of  ammonia. — If  an  alkaline  solution  of 

•  For  the  preparation  of  Nessler's  solution,  see  Appendix  (Reagents). 
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potassium  mercuric  iodide,  2KI,HgI^  be  added  to  a  fluid  containing 
mere  traces  of  ammonia  or  of  an  ammonium  salt,  a  brown  precipitate 
of  dimercurammonium  iodide  or  a  yellow  to  brown  coloration  is 
produced,  according  to  the  quantity  of  the  ammonium  compound 
present  : 

2(2KI,HgI,)+  3KH0  +  NH.HO  =  NHg",I,OH,  +  7KI  +  30H,. 

Brown  pp. 

Ammonium  salts  and  nitrates  and  nitrites,  when  heated  together, 
react  thus : 

NH.Cl  +  KNO3  =  ^Cl  +  2H,0  +  N,0, 
and  KNO,  +  NH.Cl  «  KCl  +  2H,0  +  N,. 

The  latter  reaction  takes  place  also  in  aqueous  solution. 

In  consequence  it  is  possible  that  ammonia  may  escape  detection 
in  a  mixture  of  this  kind  if  the  nitrate  or  nitrite  be  in  excess  and 
the  mixture  be  heated. 

This  behaviour  is  the  basis  of  the  diazo-  reaction  (see  later),  which 
is  of  extreme  importance  in  the  production  of  organic  dye-stuffs,  and 
also  of  explosives  of  a  peculiar  type. 

(4)  MAGNESIUM,  Mg".  Atomic  weight,  24.  Specific  gravity, 
1-75.  Melting-point,  750°  C.  Boils  at  about  1100**  C.  (?).— This 
metal  is  silver- white,  malleable  and  ductile,  does  not  oxidise  in  dry 
air,  but  is  readily  acted  upon  by  acids,  and  also  decomposes  water 
when  boiled  with  it.  It  occurs  in  nature  as  oxide,  in  the  mineral 
periclase,  MgO ;  as  hydrate  in  brucite,  Mg(HO), ;  as  carbonate  in 
magnesite,  MgCOj ;  and  in  hydromagnesite,  3MgCOj,Mg(OH)j,3H,0; 
as  double  carbonate  in  dolomite,  CaC03,MgC03,  and  mesitine  ppar, 
MgC03,FeC03 ;  as  sulphate  in  kieserite,  MgSO^,HjO  (from  Stassfurth 
salt),  and  in  epsomite,  MgS04,7HjO  ;  as  silicate  in  peridote,  Mg,SiO^, 
enstatite,  MgSiOg,  steatite,  3MgSi03,Si08,  talc,  4MgSi03,SiO„  ser- 
pentine, 2MgSi03,Mg(OH)2,  and  in  diopside,  CaSiOjjMgSiOj ;  and  as 
borate  in  boracite,  3MgB30^,Bg03. 

Magnesium  is  generally  prepared  by  the  action  of  sodium  on  the 
chloride,  MgCl^,  or  double  chloride,  MgCl22NH^Cl,  or  by  electrolysis 
of  the  magnesium  sodium  chloride. 

Magnesium  combines  with  nitrogen  at  a  red  heat,  forming  Mg3N^. 

Magnesium  may  be  employed  in  some  cases  of  reduction  of 
elements,  as  silicon,  boron,  &c.,  from  their  oxides  or  chlorides.  For 
instance,  the  metal  (in  filings)  heated  with  sand  gives  silicon  and 
also  some  magnesium  silicide.  2Mg  +  SiO^  =  2MgO  +  Si,  and 
4Mg  +  SiO,  =  SiMg,  +  2MgO.     (See  also  CO^.) 

These  reactions  can  be  performed  in  glass  tubes  or  porcelain 
crucibles. 

Experiments. 

I.  Mg  heated  in  a  tube,  in  contact  with  air,  generally  inflames 
at  about  the  melting-point.  A  white  oxide,  MgO,  is  formed,  which 
is  very'light,  but  neither  volatile  nor  fusible ;  it  scarcely  dissolves 
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ia  water,  but  placed  on  moist  red  litmus  paper  it  just  turns  it  blue 
It  dissolves  in  acids. 

IL  Boiled  with  water,  hydrogen  is  slowly  given  off  and  MgOH^O 
formed — a  white  powder  soluble  in  acids.  Burning  magnesium 
ribbon  introduced  into  steam  continues  to  burn. 

IIL  Heated  with  sulphur  to  a  high  tejnpei'cUure  in  a  hard  glass 
tube,  a  sulphide  can  be  obtained,  but  in  a  test-tube  the  glass  gives 
way  before  this  action  begins. 

IV.  HCl  acts  very  energetically,  giving  oflf  hydrogen  and  forming 
MgOIy.  H^SO^,  dilute,  acts  similarly,  and  the  solution  on  evaporation 
gives  crystals  of  MgS0^,7H,0,  magnesium  sulphate.  Nitric  acid 
acts  more  slowly ;  as  this  solution  is  evaporated  nearly  all  the  nitrate 
is  decomposed  and  MgO  left. 

V.  Alkali  hydroxides  dissolve  the  metal,  forming  white  MgO  and 
evolving  hydrogen. 

VI.  The  metal,  when  placed  in  solutions  of  salts  of  zinc,  iron, 
copper,  &c,,  precipitates  these  metals  as  crystalline  powders. 

Dry  Reactions. 

Magnesium  salts  impart  no  colour  to  a  non-luminous  gas-flame. 
The  most  characteristic  reaction  for  magnesia,  in  the  dry  way,  is  the 
pale  rose  colour  which  this  oxide  acquires  on  moistening  it  with 
cobalt  nitrate,  and  then  igniting  it  once  more  strongly  on  charcoal. 

This  colour  can,  however,  only  be  relied  on  when  no  other 
metallic  oxides  are  present ;  recourse  must  almost  invariably  be  had 
to  reactions  in  solution.  Ignition  of  the  sulphate  on  charcoal  in  the 
reducing  flame  yields  the  sulphide,  MgS.  Prolonged  ignition  of  the 
carbonate  yields  the  oxide,  magnesia,  MgO,  which  is  almost  insoluble 
in  water.  The  chloride  MgCl^,  also  loses  chlorine  on  ignition  in  air. 
The  nitrate  is  very  easily  decomposed,  oxide  resulting. 

Reaetions  in  Solution. 

No  precipitate  is  produced  in  magnesium  salts  by  ammonia  in 
the  presence  of  ammonium  chloride,  or  other  ammonium  salts,  be- 
cause it  forms  a  soluble  double  salt.*  In  the  absence  of  ammo- 
nium chloride,  part  of  the  magnesium  is  precipitated  as  hydroxide, 
Mg(HO)„thus: 

2MgCl,  +  2NH,H0  =  Mg(HO),  -f  2NlI,(Jl,MgCl. 

Soluble  double  chloride 

In  the  presence  of  a  sufiicient  amount  of  ammonium  chloride  the 
magnesium  hydroxide  is  at  once  decomposed  into  magnesium  chloride, 

•  A  namber  of  compounds  of  thi.i  nature  exist,  but  their  "constitution"  is 
not  known  with  certainty,  so  they  are  provisionally  termed  "  molecular  '* 
combinations  or  double  salts. 

The  magnesium-ammonium  salt  is  possibly 

HClNHaX  /HCl. 

HClNHo/        \hC'. 
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Mg(HO),  +  2NH,Cl  =  MgCl,  +  2NH,HO,  andno  precipitation  takes 
place,  Dor  is  the  double  chloride  precipitated  by  ammoDium,  sodium, 
or  potassium  carboDates,  unless  the  two  latter  be  boiled  for  some 
time  with  the  double  salt.  Hence  magnesium  cannot  be  precipitated 
in  Groups  III.  and  IV.,  provided  a  sufficient  amount  of  ammonium 
chloride  be  present  and  the  solution  be  kept  moderately  dilute. 

Potassium,  sodium,  calcium,  and  barium  hydroxides  precipitate 
magnesium  almost  completely  as  white  magnesium  hydroxide,  nearly 
insoluble  in  cold  and  hot  water.  Ammonium  chloride  as  well  as 
other  ammonium  salts  dissolve  it  readily,  and,  if  originally  present  in 
sufficient  quantities,  prevent  its  formation. 

Ammonium  oxalate  gives  after  some  time  from  moderately  dilute 
solutions  of  magnesium  salts  a  white  crystalline  precipitate  of  a 
double  oxalate  of  magna^^ium  and  ammonium,  but  not  in  the 
presence  of  exceFs  of  ammonium  chloride.  N.B. — In  this  case  excess 
means  very  little  more  than  necessary  to  form  the  "  double  "  salt. 

Hydrogen  disodium  phosphate  precipitates  hydrogen  magnesium 
phosphate,  HMgPO^. 

In  the  presence  of  ammonium  chloride  and  ammonium  hydroxide 
ammonium  magnesium  phosphate,  NH^MgPO^,  is  formed  as  a  white 
crystalline  precipitate.  A  very  dilute  solution  should  be  gently 
heated  and  stirred  with  a  glass  rod.  The  precipitate  deposits  on 
the  faint  scratches  caused  by  the  glass  rod  on  the  tube.  The  pre- 
cipitate is  almost  insoluble  in  water  and  ammonium  salts.  In  very 
dilute  aqueous  ammonia  it  is  practically  insoluble.  Dilute  mineral 
acids  dissolve  it,  as  also  acetic  acid.  From  very  dilute  solutions  the 
precipitate  separates  only  on  standing  for  about  twenty-four  hours 
in  a  warm  place. 

On  heating  magnesium  chloride  with  precipitated  mercuric  oxide, 
the  chloride  is  converted  into  oxide,  mercuric  chloride  being  vola- 
tilised. This  experiment  must  be  conducted  in  a  closet  which  is 
provided  with  a  good  indraught  of  air,  and  is  in  connection  with  a 
chimney  flue.     Nearly  a  red  heat  is  required. 

Methods  for  the  recognition  and  separation  of  Mg,  K,  Na,  and 
Am  will  readily  suggest  themselves,  if  the  student  bear  in  mind  : 

1st.  The  volatility  of  ammonium  salts  (phosphates  and  borates 
excepted). 

2nd.  The  insolubility  of  Mg(HO)jj  in  water. 

3rd.  The  insolubility  of  2KCl,PtCl,  in  alcohol. 

4th.  The  intense  yellow  colouration  sodium  compounds  impart  to 
the  blowpipe  or  Bunsen  flame. 

A  solution  containing  salts  of  Mg,  K,  Na,  and  NH3  may  be 
examined  as  follows  : 

I.  Heat  a  portion  with  NaHO ;  ammonia  gas  is  given  off^, 
which  is  recognised  by  its  pungent  odour  and  effect  on  red  litmus 
paper  =  presence  of  NH3. 

II.  To  a  second  portion  add  ammonium  chloride,  ammonium 
hydroxide,  and  sodium  phosphate  ;  a  white  crystalline  precipitate 
indicates  the  presence  of  Mg. 

III.  Evaporate  a  third  portion  to  dryness  and  ignite  strongly. 
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Extract  with  hot  water  (without  filtering  oflf  any  magnesium  oxy- 
chloride  (MgjOCI,)  which  may  have  been  formed),  and  add  sufficient 
Ba(HO),  till  the  whole  of  the  magnesium  is  precipitated  as  Mg(H0)2 ; 
filter.  To  the  filtrate  add  (NHJ,COj  as  long  as  a  precipitate  is 
produced,  and  filter  again.  Evaporate  the  filtmte  to  diyness,  and 
ignite  strongly  to  expel  ammonium  salts.  Dissolve  the  residue 
in  a  little  water,  filter  off  a  trace  of  MgO  (if  any) ;  and  test  filtrate 
for  potassium  by  means  of  PtCI^ — a  yellow  crystalline  precipitate  = 
presence  of  K  ;  and  for  sodium  by  heating  on  a  platinum  wire  in  a 
non-luminous  flame — a  golden-yellow  flame  indicates  the  presence  of 
Na. 

It  is,  however,  not  necessary  to  get  rid  of  magnesium  before 
testing  for  potassium  and  sodium  by  the  flame  reactions  or  even  by 
PtCl,  for  K. 

The  metals  of  this  group  are,  chemically  speaking,  the  most 
energetic  elements  of  the  metal  class.  They  are  able  to  turn  out  or 
displace  most  other  metals,  and  some  non-metals,  from  their  com- 
pounds with  oxygen,  halogens,  or  acids. 


CHAPTER  X. 

REACTIONS  OF  THE  METALS  OF  GROUP  IV. 

Tuis  group  comprises  the  metals  barium,  strontium,  and  calcium, 
which  are  precipitated  by  ammonium  carbonate  from  an  ammoniacal 
solution  in  the  presence  of  ammonium  chloride.  The  latter  (if  present 
in  sufficient  quantity)  prevents  the  precipitation  of  magnesium. 

The  three  elements  barium,  strontium,  and  calcium  are  not  well 
known  in  the  metallic  state.  They  resemble  each  other  very  closely 
in  physical  and  chemical  properties,  and  their  compounds  are  often, 
indeed  generally,  found  associated  in  nature. 


Atomic  weight. 

Sp.  gr. 

Melting-point. 

Ba  . 

l:^G-7() 

3-7r) 

about  that  of  cast  iron 

Sr   . 

87-39 

2-54 

at  a  red  heat. 

Ca  . 

39-91 

1-57 

at  a  red  heat. 

The  metals  are  not  sensibly  volatile  at  the  highest  furnace 
temperature.  They  appear  to  be  volatile  in  the  electric  furnace. 
They  all  decompose  water  at  the  ordinary  temperature,  and  oxidise 
rapidly,  on  the  surface,  in  air.  When  heated  to  redness  in  air  or 
oxygen  they  burn  very  brilliantly. 

The  oxides  of  these  metals  do  not  fuse  or  vapourise  even  in  the 
oxy-hydrogen    blowpipe   flame,    but  glow    very    brightly — ^become 

luminous. 

They  are  not  reduced  by  carbon  in  any  ordinary  furnace.  In 
the  ** electric  furnace"  compounds  of  carbon  are  formed,  termed 
carbides.  They  may  be  represented  by  the  formula  M.C,.  On  contact 
with  water  these  carbides  give  an  oxide  and  acetylene  : 

CaC,  +  H,0  =  CaO  +  C,H,. 

The  metals  may  also  be  made  in  the  electric  furnace. 

The  melted  chlorides  of  these  metals  on  electrolysis,  by  carbon 
electrodes,  give  also  the  metal  and  chlorine. 

The  operation  can  be  performed  in  a  small  graphite  crucible 
heated  over  a  good  Bunsen  flame,  using  rods  of  gas  carbon  to  lead 
in  the  current  from  five  or  six  accumulators. 

Very  small  globules  of  the  liberated  metals  attach  themselvesto 
the  anode  or  negative  carbon,  and  may,  with  difficulty,  be  obtained 
by  rapidly  removing  the  carbon  and  dipping  into  heavy  petroleum. 
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(1)  BARIUM,  Ba".     Occurs  in  nature  chiefly  in  the  form  of  heavy 
spar,  BaSO^,  and  as  witherite,  BaCO,. 

Dry  Reaetions. 

Barium  compounds  when  held  in  colourless  flame  or  when  heated 
on  thin  platinum  wire  in  the  inner  blowpipe  flame  impart  a  yellowish- 
green  colour  to  the  outer  flame,  especially  when  previously  moistened 
with  strong  hydrochloric  acid.  When  viewed  through  the  spectro- 
scope (the  chloride  or  chlorate  show  best),  two  green  lines,  Baa  and 
Ba.fi,  come  out  most  intensely ;  Bay  is  less  marked.  Besides  these, 
there  are  numerous  lines  in  the  red  and  yellow,  and  one  broad,  in- 
distinct line  in  the  blue,  close  to  F  of  the  solar  spectrum. 

Heavy  spar  heated  on  charcoal  in  the  reducing  flame  is  reduced 
to  barium  sulphide,  BaS,  which  fuses  readily.  This  reaction  is  made 
use  of  to  prepare  on  a  manufacturing  scale  soluble  barium  salts  from 
the  sulphate.  Barium  carbonate  is  decomposed  only  slowly  even  by 
ignition  to  a  strong  white  heat. 

Experiment. 

Salts  should  be  made  from  the  BaS  or  BaCO,  for  testing. 

Reactions  in  Solution. 

Barium  salts  are  obtained  by  dissolving  the  native  carbonate  or 
witherite  BaCOj  in  dilute  acids.*  Heavy  spar  is  attacked  by  alkali 
carbonates  at  a  high  temperature.  By  mixing,  on  a  small  scale,  finely 
powdered  barium  sulphate  with  three  or  four  times  its  weight  of 
fusion  mixture  or  sodium  carbonate,  and  heating  in  a  platinum 
crucible  over  a  gas  flame,  it  is  converted  into  barium  carbonate, 
thus : 

BaSO,  -f-  Na.CO,  =  BaC03  +  Na^SO,. 
Insolable  Soluble  in 
in  water.       water. 

On  exti'acting  the  fused  mass  with  hot  water  and  tilterirg,  BaCO, 
is  left,  which  is  soluble  in  most  acids. 

The  nitrate,  chloride,  chlorate,  and  acetate  are  soluble  in  water. 
Use  dilute  solutions. 

(NHJjCO,  (group  reagent)  precipitates  white  barium  carbonate, 
BaCO,,  soluble  with  decomposition  in  acids,  somewhat  soluble  in 
lunmonium  chloride.  With  carbonic  acid  it  forms  a  soluble  acid 
carbonate  (BaOOjjHjCO,),  which  is  reprecipitated  on  boiling,  with 
©volution  of  carbon  dioxide.  Barium  carbonate  is  partially  decom- 
posed by  alkali  sulphates — e,g,,  potassium  sulphate — into  barium  sul- 
phate and  alkali  carbonate.  The  decomposition  is  complete  in  the 
presence  of  free  carbon  dioxide.  SrCOgand  CaCOg  are  not  changed, 
even  on  boiling  with  K,SO^. 

Sodium  or  potassium  carbonate,  same  precipitate. 

KHO  and  NaHO,  free  from  carbonates  and  sulphates  (which  they 

*  Dilute  acids  (HCl  or  HNO3)  shoald  be  employed,  as  the  barium  chloride 
ttd  bariam  nitrate,  which  resalt  from  the  action  of  these  acids  upon  witherite, 
are  insolable  in  the  concentrated  acids.    Normal  acids  are  strong  enough. 
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rarely  are),  give  from  highly  concentrated  solutions  a  voluminous 
precipitate  of  hydroxide,  Bn(HO)„  soluble  in  water.  A  ^ution  of 
this  hydroxide  in  water  is  known  as  baryta  water.  It  possesses  a 
strong  alkaline  reaction  and  great  affinity  for  carbon  dioxide,  for 
which  it  is  used  as  a  reagent. 

NH^HO  gives  no  precipitate. 

H,SO^,  and  all  soluble  sulphates,  give  on  warming,  and  especially 
in  the  presence  of  free  acid,  a  white,  heavy  precipitate  of  barium 
sulphate,  BaSO^,  even  from  excessively  dilute  solutions  of  barium 
salts.  The  precipitate  is  insoluble  in  water,  dilute  acids,  and  alkalies ; 
soluble  to  a  perceptible  extent  in  boiling  concentrated  hydrochloric 
and  nitric  acids,  and  also  in  concentrated  solutions  of  ammonium 
salts,  but  not  if  the  precipitants  are  in  excess ;  soluble  also  in  concen- 
trated boiling  sulphuric  acid,  with  formation  of  dihydrogen  barium 
disulphate,  BaSO^tH^SO^.  The  presence  of  an  alkali  citrate  greatly 
interferes  with  its  precipitation.  Solutions  of  strontium  or  calcium 
sulphate  (two  sulphates  which  are  but  slightly  soluble  in  water, 
especially  the  former)  constitute  the  most  characteristic  tests  for 
barium. 

BaSO^  requires  about  400,000  parts  of  pure  water  for  solution ; 
SrSO^,  7000  parts ;  whilst  CaSO^  dissolves  in  390  parts  of  water  at 
35°  C,  and  in  400  parts  at  100°  C.,  being,  in  fact,  less  soluble  in  hot 
than  in  cold  water. 

Hydrogen  disodium  phosphate  gives  from  neutral  or  alkaline 
solutions  a  white  precipitate  of  hydrogen  barium  phosphate,  HBaPO^, 
readily  soluble  in  dilute  nitric,  hydrochloric,  or  acetic  acid.  Perceptibly 
soluble  in  ammonium  chloride. 

C,0^(NHJj  (ammonium  oxalate)  gives  from  a  moderately  dilute 
solution  of  a  barium  salt  a  white  pulverulent  precipitate  of  barium 
oxalate,  C^O^Ba,  soluble  in  dilute  nitric  or  hydrochloric  acid.  Soluble 
also,  when  freshly  precipitated,  in  oxalic  and  acetic  acids. 

KjCrO^  (potassium  chromate)  gives  a  bright  lemon-yellow  pre- 
cipitate of  barium  chromate,  BaCiO^,  even  from  very  dilute  neutral 
or  moderately  acid  (acetic  acid)  solutions,  readily  soluble  in  nitric, 
hydrochloric,  or  chromic  acid  (H,CrO^) ;  repredpitated  by  ammo- 
nium hydroxide.  (Distinction  from  strontium  and  calcium  salts, 
which  are  not  precipitated  from  dilute  solutions  if  acetic  acid  be 
present.) 

Hydrofluosilicic  acid  gives  a  colourless  crystalline  precipitate  of 
barium  silicofluoride,  BaF^SiF^,  which  subsides  quickly,  especially 
upon  the  addition  of  an  equal  bulk  of  alcohol.  It  is  somewhat 
soluble  in  water  and  in  dilute  acids,  but  insoluble  in  alcohol. 
(Distinction  of  barium  from  strontium  and  calcium  salts,  which  give 
no  precipitate  even  on  the  addition  of  alcohol.) 

Soluble  barium  salts  constitute  exceedingly  useful  reagents  for 
the  detection  of  several  acids,  on  account  of  the  metal  barium  forming 
many  insoluble  salts. 

(2)  STRONTIUM,  Sr".— Occurs  in  nature  as  sulphate  in  the  mineral 
celestine,  SrSO^,  and  as  carbonate  in  strontianite,  SrOO,. 
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0ry  Beaetions. 

Sfcrontiutn  compounds  colour  the  Bunsen  flame  intensely  crimson. 
When  the  tiame  is  viewed  through  the  spectroscope  it  shows  a 
number  of  characteristic  linasj  more  especially  the  Hv0  aud  y  lines  in 
the  red  and  the  line  Srd  in  the  blue,  which  latter  is  particularly 
suited  for  the  detection  of  strontium  in  the  presence  of  Ba  ami  Ca. 

Oelestinej  BrSO^,  heated  on  charcoal  in  the  reducing  fiame,  is 
converted  into  strontium  sulphide,  SrS,  from  which  the  chloride  may 
he  prepared  for  hlowpipe  and  other  reactions  by  treating  the  residue 
with  h^'^drochloric  acid.  Strontium  carbonate,  heated  in  a  platinnm 
crucible  over  a  gas  hlowpipe,  is  almost  completely  converted  into 
ovide  after  about  twenty  minutes'  heating, 

Reactions  in  Solution. 

The  nitrate,  chloride,  acetate,  are  somewhat  more  soluble  than 
the  corresponding  harinm  salts;. 

(NHJ^COj  (gfoup  reagent)  gives  a  white  precipitate  of  strontium 
carbonate,  SrUO^,  less  soluble  in  ammonium  chloiide  than  the  corre- 
sponding barium  carbonate  \  soluble  in  dilute  acids.  Carbonic  acid 
produces  the  soluble  hydrogen  strontium  dicarbonate  SrOO^tH^OO^ 
which  is  decomposed  ou  boiling  into  normal  carbonate,  carbon 
dioxide,  and  water. 

Sodium  or  potassium  CJirhonate^  same  precipitate, 

H^SO^,  or  a  soluble  sulphate,  produces  a  white  precipitate  of 
strontium  sidphate,  SrSO^.  From  dilute  solutions  a  precipitate 
appears  only  after  some  time,  especially  if  calcium  sulphate  be  used 
as  the  precipitant.  Heat  assists  the  precipitation.  The  precipitate 
dissolves  perceptibly  in  hydrochloric  or  nitric  aoid,  but  is  insoluble 
inalcohob  It  is  insoluble  also  on  boiling  in  a  concentrated  ammonia- 
eal  solution  of  ammonium  sulphate  made  alkaline  with  ammonia. 
(Distinction  between  strontium  and  calcium.) 

A  solution  of  strontium  sulphate  in  water  ia  not  precipitated  by 
ammonium  oxalate,  but  itself  readily  precipitates  barium  salts. 

Hydrogen  disodium  phosphate  gives  a  white  precipitate  of 
hydrogen  strontium  phosphate,  soluble  in  acids,  including  acetic 
acid. 

Ammonium  oxalate  precipitates  strontium  salts  more  readily  than 
barium  salts*  The  white  precipitate  of  strontium  oxalate,  C^O^Sr, 
i^  readily  soluble  in  dilute  nitric  or  hydrochloric  acid  j  somewhat 
j^oluble  in  ammonium  salts  and  in  oxalic  or  acetic  acid. 

The  chromate,  SrCrO^^  is  soluble  in  acetic  acid  and  other  acids^ 
I'Bearly  insoluble  in  water  and  ammonia. 

(H)  CALCIUM,  Ca" .^Occurs  in  enormous  quantity  in  nature^  in 
combination  with  carbonic,  sulphuric,  silicic,  and  phosphoric  acids, 
la  plants  it  occurs  combined  with  carbonic,  sulphuric,  and  phosphoric 
ftcids ;  in  animals  combined  with  phosphoric  and  carbonic  acids.  It 
^  occasionally  also  found  in  minerals  which  result  from  the  action  of 
fxcids  (such  as  nitric  or  arsenic  acid)  upon  calc  spar  or  chalk* 

The  principal  calcium  minerals  are  the  various  calcium  carbon ates, 
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which  differ  in  physical  properties  or  in  crystalline  structure,  such 
as  Iceland  spar,  generally  very  pure,  CaCO,,  calc  spar  (containing 
occasionally  barium,  magnesium,  iron,  manganese,  lead,  in  variable 
proportions,  and  passing  gradually  into  baryto-calcite  and  dolomite, 
siderite,  diallogite,  and  plumbo-calcite),  arragonite,  marble,  limestone, 
chalk ;  the  sulphates,  such  as  gypsum,  CaSO^,HjO,  anhydrite,  CaSO^, 
alabaster,  selenite ;  the  phosphates,  such  as  apatite,  some  containing 
both  chlorine  and  fluorine ;  bone-earth,  CagPjOg,  and  fluor  spar,  CaF^. 

The  metal  calcium  can  now  be  obtained  in  the  electric  furnace 
by  reduction  of  the  oxide  CaO  by  carbon.  It  is  a  silver- white,  soft, 
malleable  metal,  which  tarnishes  rapidly  in  moist  air,  but  keeps  bright 
in  dry  air  at  ordinary  temperatures.  It  combines  with  nitrogen 
i-ather  more  readily  than  magnesium  at  the  same  temperature, 
forming  a  similar  nitride.  It  also  decomposes  ammonia,  forming 
either  an  amide,  CaNH,  or  nitride,  and  decomposes  water,  forming 
the  hydroxide. 

A  compound  with  carbon,  CaC,,  or  calcium  carbide,  is  formed 
in  the  electric  furnace  from  CaO  and  carbon,  which  on  contact  with 
water  gives  acetylene,  Cj^Hj. 

Owing  to  its  power  of  combining  with  both  carbon  and  nitrogen, 
it  acts  as  an  ngent  in  the  production  of  cyanauiide,  &c. 

Calcium  alloys  (or  unites)  with  other  metals,  Cu,  Al,  Mg,  some- 
what easily,  and,  owing  to  its  powerful  attraction  for  oxygen,  can  be 
used  for  reducing  metallic  oxides  or  refining  metals  by  taking  away 
dissolved  oxides,  &c. 

Dry  Reactions. 

Most  calcium  compounds,  when  heated  in  the  inner  flame  of  the 
blowpipe,  colour  the  outer  flame  yellowish-red ;  phosphate  and  borate 
excepted.  The  presence  of  strontium  entirely  obscures  the  calcium 
reaction.  The  calcium  spectrum  shows,  among  other  lines  in  the  red 
and  yellow,  an  intensely  green  line,  Ca/3,  also  an  intensely  orange 
line,  Cao. 

Calcium  carbonate  when  strongly  ignited  becomes  converted  into 
caustic  or  quicklime,  CaO.  It  combines  with  water  very  eagerly, 
evolving  much  heat,  and  is  converted  into  calcium  hydroxide, 
Ca(H0)2  (slaked  lime),  which  is  strongly  alkaline.  It  is  less  soluble 
in  water  than  either  barium  or  strontium  hydroxide.  It  is  also  more 
soluble  in  cold  than  in  hot  water.  Calcium  sulphate  is  converted 
into  calcium  sulphide,  CaS,  when  ignited  on  charcoal  in  the  reducing 
flame.     It  also  reacts  alkaline. 

Reactions  in  Solution. 

Calcium  salts  are  readily  prepared  from  pure  calc  spar  or  marble, 
by  means  of  dilute  acids.  Many  of  its  salts  are  soluble  in  water, 
the  nitrate  and  chloride  especially  so,  and  are  deliquescent. 

(NH JjjCOg  (group  reagent)  precipitates  white  calcium  carbonate, 
CaCOg,  which  is  bulky  and  amorphous  at  first,  but  on  warming 
gently  rapidly  becomes  crystalline.  Calcium  carbonate  is  some- 
what soluble  in  ammonium  chloride,  especially  when  freshly  pre- 
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cipitated.    It  is,  in  fact,  partially  reconverted  on  boiling  into  calcium 
cMoride. 

Sodium  or  potassium  carbonate,  same  reaction. 
H^O^,  or  a  soluble  sulphate,  precipitates  from  concentrated 
solutions  of  a  calcium  fbM  white  calcium  sulphate,  CaSO^ H^O  +  Aq, 
soluble  in  much  water,  and  still  more  soluble  in  acids.  A  precipitate 
is  obtained  on  the  addition  of  twice  the  volume  of  alcohol  from 
solutions  which  are  too  dilute  to  be  precipitated  by  sulphuiic  acid  or 
by  a  soluble  sulphate.  Calcium  sulphate  dissolves  i-eadily  on  lx>i]ing 
in  a  concentrated  solution  of  ammonium  sulphate,  especially  if  .slightly 
alkaline  with  ammonia. 

A  solution  of  calcium  sulphate  precipitates  both  barium  and 
strontium  salts. 

Hydrogen  disodium  phosphate  gives  a  bulky  white  precipitate  of 
tricalcium  phosphate,  Ca,P,0^  soluble  in  dilute  hydrochloric  or 
nitric  acid,  and  soluble  in  acetic  acid,  especially  when  freshly  pre- 
cipitated ;  reprecipitated  by  ammonium  hydroxide. 

Potassium  chromate  gives  a  precipitate  only  in  .strong  and  neutral 
or  alkaline  solutions. 

Ammonium  oxalate  produces  even  from  very  dilute  solutions  of 
calcium  salts  a  white  pulverulent  precipitate  of  calcium  oxalate, 
C,0|Ca  + Aq,  readily  soluble  in  hydrochloric  or  nitric  add ;  not  j*r- 
ceptibly  soluble  in  oxalic  or  acetic  acid.  *}n  gentle  igiiition  cstlcium 
oxalate  breaks  up  into  calcium  carlx>nate  and  carbon  monoxide  gas, 
and  on  igniting  very  strongly  calcium  oxide  Ls  left. 

Soluble  calcium  salts,  such  a^;  the  chloride  or  nitrate,  CfjUkUinUs 
important  reagents  for  the  detection  of  organic  sicid«,  more  fApecially 
dibasic  acids,  on  account  of  the  metal  calcium  foiTning  in.soluble  t»:jlt.s 
with  many  of  them. 

SEPARATION  OF  BARIUM,   STRONTIUM,  AND  CALCIUM. 

—Barium  minerals  frequently  contain  f-tror.tt^jEn  and  c^iciurn,  and 
strontium  minerals  harium  and  calcium  a>  weJi.  On«;  in«;thrxl  of 
separating  these  metals  may  Ije  ba>e^l  urKin  : 

Ist.  The  insolubility  of  BaCL  in  absolute  alry^hol.*  .SKJl^  juj'I 
CaCI,  being  soluble. 

2nd.  The  insolubility  of  I:fci(NOji,  and  .SirNO>»,  in  ab-v^IuK: 
alcohol,  Ca(NO,),  being  soluble. 

For  this  purpose  a  hydrochloric  acid  Ablution  of  tli^  inir>«;r;i] 
containing  Ba  and  Sr  or  Sr  and  Ca,  cr  y,r:-i':o[y  V,h..  .Sr,  an 'I  ^'a,  \-, 
prepared,  and  the  solution  evaporated  to  dryr.'r?>-.  ari'J  y[t:i.\\y  i^fnivH. 
(Strong  ignition  must  be  avoided,  a.^  C^iCj  i-  'rV\u't.\,y  *U:ronti>*y',t'A 
into  an  insoluble  basic  salt  when  heatei  in  it'.r — ^.-t<^^Ca^;i^.; 

Barium  is  separated  from  stronti-ici  ar.d  f^lf.'.'itti  u\  'Jij.";-tj*riif 
^  finely  divided  residue  with  a W/ •;*.':  f4!co;.o..ar.'i  ••^pij;i*ir*;.f  fiorn 
^  andisscdved  BaCl,  by  filtration. 

Strontium  is  sepaitited  from  i-a!r::--a  oy  evM/>r^tir.;/  *,v  'Ji  tj;. 
ling  off  the  absolute  alcohol ,  wh i '.h  cor. "^w. -.  t /. ';  y-A^l.^  wiA  ^^i M „ 

•  Methylated  spirit  that  has  beer,  c .-: •;  I  '%'j  ^.^t^zA. :. /  », •■  h :  -. o f r. <;  /.";>.•.  fy^ h 
ttd  then  distilled— or  ctcd  Altered  will  co.    ' 


) 
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precipitating  with  ammonium  carbonate,  filtering,  and  converting  the 
strontium  and  calcium  carbonates  into  nitrates  by  means  of  dilute 
nitric  acid.  The  solution  of  the  two  nitrates  is  evaporated  to  dry- 
ness on  a  water-bath  and  absolute  alcohol  added,  when  calcium 
nitrate  is  dissolved  out,  strontium  nitrate  being  insoluble  in  absolute 
alcohol. 

Several  other  methods  for  recognising  and  separating  the  metals 
of  (iroup  IV.  will  suggest  themselves. 

It  is  often  nece.««sary  to  ascertain  whether  one  or  two  or  all  the 
metals  of  this  group  ai*e  present  in  a  solution.  This  can  be  done  by 
adding  to  their  neutral  solution  a  solution  of  K,CrO^,  or  2HF,SiF^. 
A  yellow  or  a  transjxirent  crystalline  precipitate  indicates  barium. 
To  a  iH>rtion  of  the  filtrate  add  CaSO^ ;  a  precipitate  forms,  perhaps 
only  after  some  time,  proving  the  presence  of  strontium  ;  or  the 
solution  remains  clear,  in  which  case  calcium  only  need  be  loo6ed 
for,  the  presence  of  which  is  indicated  by  the  precipitate  which 
ammonium  oxalate  produces  from  another  portion  of  the  largely 
diluted  solution.  If  both  strontium  and  calcium  are  present  separa- 
tion is  necessiiry. 

No  difficulty  will  be  experienced  by  the  student  in  drawing  up 
schemes  of  analysis  based  upon : 

1st.  The  insolubility  of  BaCl,  and  Sr(N05),  in  absolute  alcohol. 

2nd.  The  insolubility  of  BaCI,  in  absolute  lalcohol  and  that  of 
SrSO,  in  a  concentrateil  solution  of  (NHJ,SO^. 

:hxl.  The  insolubility  of  BaFj,SiF^,  or  BaC5rO^,  as  well  as  of  SrSO<, 
in  water,  CaSO^  being  sufficiently  soluble  to  be  readily  indicated  hy 
ammonium  oxalate. 

4th.  A  good  plan  is  to  make  a  solution  of  the  three  metals  in 
acetic  acid,  and  to  add  to  this  potassium  chromate.  BaCrO^  only  is 
precipitated.  The  filtrate  is  now  made  acid  with  H^O^,  when  SrSO^ 
is  precipitated  ;  the  filtrate  from  this,  on  addition  of  oxalic  acid,  or 
ammonium  oxalate,  gives  another  precipitate  of  CaC,0^. 

HaCrO^  is  yellow,  the  other  two  precipitates  are  white,  but  the 
solution  may  be  yellow  owing  to  excess  of  the  potassium  chromate. 

The  same  mixture  should  be  examined  by  all  these  processes,  so 
as  to  gt't  an  idea  of  their  relative  accuracy.  Normal  solutions  will 
he  strong  enough  to  bring  out  these  differences. 


CHAPTER  XL 

REA.CTIONS  OF  THE  METALS  OF  GROUP  III..  OR  THE 
AMMONIUM  SULPHIDE  GROUP. 

Sroup  III.  comprises  the  metals  aluminium,  chromium,  iron,  cobalt, 
Qickel,  manganese,  zinc.  The  phosphates  of  these  metaLi,  and  of 
magnesium,  tiarium,  strontium,  and  calcinm,  are  also  precipitated  if 
phosphoric  acid  be  present. 

To  get  an  idea  of  the  working  of  this  group  it  is  advised  that 
Bome  if  not  all  of  the  following  exercises  be  performed : 

1.  Add  to  a  centinormal  solution  containing  cobalt  nitrate,  ferric 
chloride,  and  calciimi  phosphate,  dissolved  in  a  little  dilute  hydro- 
chloric acid,  a  strong  solution  of  ammonium  chloride,  and  then 
ammonium  hydroxide.  A  precipitate  is  produced.  Filter,  and  add 
to  the  filtrate  ammonium  sulphide.  A  further  precipitation  takes 
place ;  the  precipitate  is  black. 

This  shows  that  some  members  of  this  group  are  precipitated  by 
NH^GH  and  NH^Cl ;  others  only  on  the  addition  of  X  H,HS. 

2.  Add  to  a  solution  of  ferric,  chromic,  and  aluminic  chlorides 
(Fe,01^Cr,Cl^,  and  Al^CIg)  ammonium  chloride  and  hydroxide  till  it 
is  just  distinctly  ammoniacal,  and  boil  for  a  few  minutes.  A  bulky 
gelatinous  precipitate  is  obtained.  Filter.  Add  to  the  clear  filtrate 
a  few  drops  of  ammonium  sulphide :  no  further  precipitation  takes 
place,  showing  that  iron,  chromium,  and  aluminium  are  precipitated 
(as  hydroxides)  from  their  saline  solutions  by  NH^Cl  and  >^  H^OH 
alone,  without  the  aid  of  NH^HS.  (Ammonium  chloride  has  no 
share  in  the  precipitation,  but  counteracts  the  solubility  of  the 
aluminium  hydroxide  in  excess  of  the  pi-ecipitant  and  prevents  the 
partial  precipitation  of  magnesium  and  some  metals  of  Group  III. 
if  present  in  the  solution.) 

3.  Dissolve  some  barium,  strontium,  calcium,  and  magnesium 
phosphates  in  dilute  hydrochloric  acid,  and  cautiously  add  ammonium 
hydroxide  to  the  solution.  No  precipitate  is  produced  till  the  free 
scid  has  been  neutralised  (with  formation  of  ammonium  chloride), 
when  the  phosphates  are  reprecipitated.  Filter,  and  add  ammonium 
sulphide  to  the  filtrate.     No  further  precipitation  takes  place. 

This  shows  that  the  phosphates  of  the  alkaline  earthy  metals  are 
P^pitated  by  ammonium  hydroxide  alone. 

4.  Dissolve   some  phosphates  of  Ni,  Co,  Mn,  Zn,  and  Fe*"  in 
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dilute  hydrochloric  acid.*  To  one  portion  of  the  solution  add 
ammonium  chloride  and  hydroxide.  A  precipitate  is  formed.  The 
phosphates  are  reprecipitated.  Filter,  and  add  ammonium  sulphide ; 
a  further  precipitate  is  produced,  showing  that  the  phosphates  of 
these  metals  are  not  entirely  precipitated  by  ammonium  chloride 
and  hydroxide. 

These  two  reagents  precipitate : 


Aluminic  hydroxide  and  phosphate. 
Chromic  „ 

Ferric  „ 


Nickel  phosphate. 
Cobalt  „ 

Manganese  „ 
Zinc  „ 

Barium  „ 
Strontium  „ 
Calcium  „ 
Magnesium  „ 

5.  To  a  solution  of  the  sulphates  or  chlorides  (free  from  Fe) 
of  Ni,  Co,  Mn,  and  Zn  add  N  H^Cl  in  considerable  excess,  and  then 
NH^HO  in  slight  excess.  No  precipitate  is  obtained,  because  the 
NH^Cl  forms  double  chlorides  of  the  metals  which  are  not  affected 
by  NH^HO.t  To  one  portion  of  this  solution  add  strong  sul- 
phuretted hydrogen  water  (or  pass  a  current  of  sulphuretted 
hydrogen  gas).  A  copious  precipitete  is  produced,  consisting  of  NiS 
and  CoS  (black),  ZnS  (white),  and  MnS  (pale  pink). 

This  shows  that  nickel,  cobalt,  manganese,  and  zinc  salts  are  not 
precipitated  by  NH.Cl  and  NH.HO,  but  by  NH.HS. 

On  exposing  the  other  portion  of  the  solution  for  some  time 
to  the  air,  it  is  seen  to  turn  turbid  where  it  is  in  contact  with  the 
air.  Shake  the  solution,  and  the  turbidity  increases  rapidly,  show- 
ing that  NH^Cl  and  NH^HO  produce,  under  favourable  conditions, 
a  partial  precipitation  (owing  to  oxidation  of  the  Mn  compound). 

0.  To  another  portion  of  the  solution  of  the  phosphates  of  Ni,  Co, 
Mn,  Zn,  and  Fe  (see  4)  add  the  chloride,  hydroxide,  and  sulphide  of 
ammonium,  without  first  soparating  by  filtration  the  precipitate 
produced  by  NH^Cl  and  NH^HO.     The  phosphates  of  Co,  Ni,  Mn, 

♦  This  solution  may  also  be  prepared  by  adding  hydrogen  disodium  phos- 
phate to  solutions  of  the  above  metals  as  long  as  a  precipitate  forms,  and 
dissolving  the  precipitate  in  a  little  hydrochloric  acid. 

t  The  chlorides  of  the  metals  Zn,  Ni,  Co,  Mn  also  form  compounds  with 

dry  ammonia,  NHg,  as  represented  by  the  zinc  compound,  ZnClgSH*.    This  is 

the  most  stable  of  any  in  the  group.     Its  probable  constitution  is  ZnHg^n}. 

These  metals  and  magnesium  also  form  compounds  of  the  form  MgCla2NH4CL 
Cr  and  Al  also  form  similar  compounds,  but  they  are  very  unstable.     The  dry 
chlorides  of  Ba,  Sr,  Ca,  and  Mg  also  unite  with  dry  ammonia,  as  CaCl22NH3, 
as  well  as  forming  compounds   with  NH4CI.     They  are  probably  NaH4  w   , 
hydrazine  compounds.  I 

The  Co  and  Mn  compounds  of  this  class  oxidise  rapidly  in  air,  Cr  slower.     \ 
On  adding  ammonium  chloride  and  hydroxide  to  chromium  solutions  a  violet 
or  purple-coloured  solution  is  often  obtained.     This  is  undoubtedly  due  to    j 
the  formation  of  a  chrom-ammonium  or  hydrazine  compound.  1 
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Zq,  and  Fe,  which  may  be  considered  as  existing  in  the  hydrochloric 
icid  solutions  as  add  or  hydrogen  salts,  are  converted  into  sulphides, 
md  ammonium  phosphate  is  left  in  solution. 

7.  To  a  solution  of  Fe,Cls  add  NH.Cl  and  NH.HO.  A  reddish- 
brown  precipitate  of  ferric  hydroxide,  Fe/HO)^,  is  produced,  which 
on  the  addition  of  (NH^),S  turns  black. 

This  shows  that  iron  is  first  precipitated  as  hydroxide,  and  is 
subsequently  converted  into  sulphide.  Some  sulphur  is  generally 
precipitated  in  this  action.  Chromium  and  aluminium  are  pre- 
cipitated under  the  same  circumstances  as  hydroxides,  as  they  do 
Dot  form  sulphides  in  contact  with  water. 

It  will  thus  be  seen  that  the  group  reagents  NH^Cl  and  NH^HO, 
for  reasons  stated  under  4  and  5,  do  not  thoroughly  separate  some 
of  the  members  of  Group  III,  from  the  others.  The  three  reagents* 
if  added  together  precipitate : 


1.  Sulphides — 

CoS  I  black.  ^^        ^Z  ^^^^  ^^  yellow. 

fiSJ 


NiS 


ZnS         white. 


2.  Hydroxides 

AJ,(B[0),    white.  Cr,(H0)5    green. 

3.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Ca,  and  Mg,  white  or  nearly  so. 

NICKEL9    ^^"  ^^^   *''• — Occurs  in   nature   as  sulphide,  NiS",  in 
capillary  pyrites,  hair  nickel,  or  millerite  ;  as  arsenide,  in  ai-^enical 

*  Add  ammonium  hydroxide  to  a  solution  of  bariam,  strontium,  calcium 
(and  magnesinm)  oxalates  in  dilute  hydrochloric  acid,  as  long  as  a  white 
precipitate  is  obtained.  The  oxalates  of  the  alkaline  earths  are  reprecipitated 
more  or  less  completely  as  soon  as  the  hydrochloric  acid  which  (as  in  the 
cue  of  the  corresponding  phosphates)  holds  them  in  solution  is  completely 
Mvtralised. 

The  same  applies  to  the  fluorides,  borates,  tartrates,  citrates,  &€.,  of  these 
earthy  bases  which  are  precipitated  by  NH4HO,  although  in  the  presence  of 
much  NH4OI  they  are  to  a  great  extent  held  in  solution. 

Silicic  acid  and  silicates,  soluble  in  hydrochloric  acid,  are  likewise  acted 
upon  by  NH4GI  and  NH4HO,  gelatinous  silica,  and  silicates,  being  precipitated. 

Arsenates  would  also  be  thrown  down  here  under  the  same  circumstances, 
bat  in  the  ordinary  course  of  procedure  they  are  decomposed  in  the  second 
groop. 

Noiiee  particvlarly  that  in  order  to  avoid  conipllcatiiiy  the  (pudltatire  course  it 
it  uttially  preferred  to  evaporate  the  hydrochloric  acid  filtrate  fr 07a  Group  II.  to 
complete  dryness,  tnth  the  addition,  toioards  tlie  end  of  the  evaporation,  of  a  little 
wneerUrated  witrie  acid,  whenever  ammonium  chloride  and  hydroxide  produce  a 
freeipitate.  By  these  means  silicic  anhydride,  SifX,,  is  left  behind  insoluble  in 
seids;  the  fluorides  and  borates  are  for  the  most  part  deco-mposcd  ;  boric  and 
kydrq^uorie  acid  being  set  free  or  volatilised.  Oxalates  are  destroyed  with 
ivolutiou  of  carbon  dimeide  by  the  oxidisiny  action  of  the  nitric  acid  ;  and  tar- 
trates, ^.,  are  broken  up  by  gentle  ignition  into  carbon  and  volatile  gaseous 
products  ;  ferrous  salts  are  converted  into  ferric  salts,  and  on  cxtra<;ting  tlie  ignited 
tsidue  with  a  little  concentrated  hydrochloric  acid  the  metals  arc  obtained  in 
dution  as  chlorides,  together  only  with  the  phosphates  of  the  alkaline  earths,  earthy 
md  metallie  bases.— -^  T4Mes, 
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nickel,  As,Ni,  and  in  copper-nickel,  As^Ni, ;  as  antimonide,  Sb^i,, 
in  antimony- nickel,  combined  with  sulphide,  as  in  nickel  glance  or 
grey  nickel  ore,  A8,Ni.NiS^  as  antimony  nickel  glance,  SbjNi,NiS, ; 
also  in  the  form  of  minerals,  which  are  the  result  of  the  oxidation  of 
other  nickel  minerals,  e.g.y  as  nickel  ochre,  NijAs^O^  and  emerald 
nickel,  NiCO,,2NiO,GH,0,  as  silicate  in  Rewdanskit^,  and  as  nickel 
magnesium  silicate  in  the  important  mineral  gamierite,  NiMgSiO^. 
The  metal  nickel  is  harder  and  tougher  than  iron,  and  exhibits 
a  slight  yellow  tint  on  a  fresh  or  polished  surface.  Its  atomic  weight 
=  r)7-93,  specific  gravity  89  ;  it  melts  between  1450°  and  1600°  C. 
It  does  not  oxidise  appreciably  at  ordinary  temperatures  in  air  or  in 
contiict  with  water,  but  acts  upon  acids  somewhat  readily.  It  becomes 
decidedly  magnetic,  but  in  an  inferior  degree  to  iron. 

Nickel  Alloys. 

Nickel,  in  a  pure  state,  is  employed  to  some  extent  for  apparatus 
or  ornamental  articles.  It  is  more  extensively  used  for  electro- 
plating iron  or  brass  articles  to  prevent  rusting  and  for  sesthetic 
effect. 

It  combines  with  many  other  metals,  forming  most  useful  alloys. 
With  brass  is  formed  nickel  silver,  or  (merman  silver.  This  contains 
about  15  |>er  cent,  nickel.  Cupro-nickel  contains  30  to  40  percent, 
nickel.  The  metals  may  be  melted  together  in  any  proportion. 
Nickel  and  mild  or  low  carbon  steels — nickel  steels — are  somewhat 
numerous.  Several  distinct  compounds  with  iron  appear  to  exist 
(see  later,  **  Iron  *'). 

With  some  metals — for  instance,  aluminium — nickel  combines 
quite  violently  when  one  or  other  is  in  a  melted  state. 

Nickel  combines  with  carbon  in  a  manner  similar  to  iron,  aod  a 
characteristic  compound,  nickel  carbonyl,  is  formed  with  carbon 
monoxide.  This  substance  is  formed  by  direct  combination  of 
carbon  monoxide  with  the  metal  at  about  150°  C. ;  at  a  high  tem- 
perature it  dissociates  into  nickel,  containing  a  little  carbon,  and 
CO.  The  compound  liquefies  easily,  and  solidifies  at  a  low  tempera- 
ture. It  has  the  composition  Ni(CO)^.  Owing  to  the  ease  of  its 
formation  and  decomposition  it  has  become  a  most  valuable  means  of 
extracting  nickel  from  poor  ores. 

Meteoric  irons  contain  nickel  combined  with  phosphorus,  and  this 
combination  seems  to  account  for  the  Widmannstatian  figures  shown 
when  polished  faces  of  these  irons  are  etched  with  an  acid. 

Experiments. 

Metallic  nickel  can  be  obtained  as  wire  or  thin  sheet. 

I.  Heated  in  an  open  tube,  a  piece  of  bright  nickel  loses  its  lustre, 
but  no  detachable  amount  of  oxide  is  formed  in  a  moderate  time, 
unless  some  pure  oxygen  be  sent  through  the  tube.  The  oxide 
formed  adheres  closely,  but  may  be  scraped  off  with  a  knife. 

II.  Water  has  no  action  below  100°. 

III.  Heated  with  sulphur,  the  action  is  somewhat  slow.  At  a 
moderate  temperature  a  grey-black  sulphide  is  formed,  NiS.     It  is 
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crystalline,  but  not  very  fusible ;  insoluble  in  water,  but  decomposed 
by  acids. 

IV.  HCl  dissolves  the  metal  readily,  with  evolution  of  hydrogeD, 
which  smells  somewhat  like  coal-tar,  or  carbon  compounds.  The 
solution  is  bright  green  ;  on  evaporation  a  yellow  solid,  NiCl^,  is  left. 
Sulphuric  acts  similarly,  and  gives  green  crystals  of  sulphate,  NiSO^. 

Nitric  acid  gives  a  blue-green  solution.  The  solution  on  evapo- 
ration leaves  yellowish  crystals,  of  NiN,Oj — very  deliquescent.  On 
heating  to  redness  a  black  oxide  is  left. 

The  oxide  dissolves  in  acids,  but  not  in  sodium  hydroxide.  Freshly 
precipitated  Ni(HO),  dissolves  in  ammonium  hydroxide,  giving  a  blue 
solution. 

y.  Ni  exposed  to  moist  air  and  ammonia  gas  rapidly  oxidises. 

YI.  Melted  ammonium  nitrate  dissolves  the  metal,  producing  a 
nickelamine  nitrate,  which  on  heating  explodes  or  puffs  off  with 
much  smoke. 

Dry  Reactions. 

When  nickel  compounds  are  heated  on  charcoal  with  dry  sodium 
carbonate  in  the  inner  blowpipe  flame  they  are  reduced  to  a  grey 
metallic  powder,  which  is  feebly  magnetic.  Heated  on  a  borax  bead, 
in  the  outer  flame,  they  yield  an  intensely  coloured  glass,  which 
appears  hyacinth-red  to  violet-brown  when  hot,  and  reddish-brown 
when  cold.  On  fusing  a  little  nitre  in  the  bead  the  colour  is  changed 
to  bluish  or  dark  purple,  whereby  nickel  compounds  may  be  distin- 
guished from  those  of  iron.  Heated  in  the  reducing  flame,  the 
eolour  of  the  borax  bead  disappears,  and  it  assumes  a  turbid  grey 
a[^)earance9  owing  to  finely  divided  particles  of  metallic  nickel 
disseminated  through  it.  The  reactions  with  microcosmic  salt  are 
limilar,  but  the  bead  becomes  almost  colourless  when  cold. 

Keaetions  in  Solation. 

licet  salts  are  soluble.  The  solid  salts,  containing  water  of 
etystallisation,  are  mostly  green,  and  their  solutions  are  green. 
When  heated  they  lose  water  and  change  to  yellow,  and  are  amorphous 
when  they  have  not  been  melted.  (Oomp.  also  "  Cobalt,"  p.  145.) 
A  solation  of  both  a  nickel  and  a  cobalt  salt  may  be  red,  green,  or 
oolonrless,  according  to  the  quantities  present  of  each  of  the  metals ; 
when  the  metals  are  in  atomic  proportions  the  mixed  solution  is 
ooIourlesSy  or  practically  so. 

(NHJjS  (group  reagent)  gives  a  black  precipitate  of  niekelous 
sulphide,  NiS,  soluble  in  excess  of  the  reagent,  especially  in  the 
prepuce  of  free  ammonia  or  of  yellow  ammonium  sulphide,  forming 
a  dark  brown  solution — ^this  is  a  good  indication  of  nickel.  The 
sulphide  is  slowly  reprecipitated  on  boiling.  The  presence  of  am- 
monium chloride  (or,  better  still,  ammonium  acetate)  assists  the 
precipitation.  Niekelous  sulphide  dissolves  with  difficulty  in  dilute 
oydrochloric  acid,  but  readily  in  nitric  acid  or  aqua  legin. 

SH,  gives  no  precipitate  in  acid  solutions,  and  a  ^mrtial  precipi- 
tate only  from  a  salt  of  nickel  with  a  mineral  acid,  but  produces 
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readily  a  precipitate  from  a  solution  of  nickelous  acetate,  or  a  nickel- 
ous  ssdt  mixed  with  an  alkali  acetate,  especially  on  heating. 

NaHO,  or  KHO,  precipitates  from  cold  solutions  an  apple-green 
coloured  hydroxide,  Ni(HO)j,  insoluble  in  excess,  soluble  in  ammonium 
salts  to  a  greenish-blue  fluid.  Nickelous  hydroxide  leaves  on  ignition 
nickelous  oxide.     It  does  not  absorb  oxygen  from  the  air. 

NH^OH  produces  a  slight  greenish  precipitate,  readily  soluble  in 
excess  of  hydroxide  to  a  blue  fluid.  No  precipitate  in  presence  of 
ammonium  chloride,  owing  to  a  double  salt  being  formed. 

NayCO,  precipitates  an  apple-green  basic  carbonate,  varying  in 
composition. 

NH^HCOj,  same  precipitate,  readily  soluble  in  excess,  after  wash- 
ing, to  a  greenish-blue  solution. 

KCy  *  gives  a  yellowish -green  precipitate  of  nickelous  cyanide, 
NiCy,,  which  dissolves  readily  in  excess  of  potassium  cyanide  to  a 
brownish-yellow  solution,  containing  a  double  cyanide  of  nickel  and 
potassium,  2KCy,NiCy,.  On  adding  a  dilute  acid  (HCl  or  H^SO^), 
NiCy,  is  reprecipitated,  and  the  KCy  is  decomposed  with  evolution 
of  HCy.  Boiling  with  hydrochloric  acid  decomposes  the  nickelous 
cyanide  also. 

The  solution  of  the  double  cyanide  is  not  altered  by  boiling  with 
excess  of  HCy,  but  the  nickelous  salt  is  oxidised,  at  the  ordinary 
temperature,  by  a  concentrated  solution  of  sodium  hypochlorite, 
ClNaO,  or  chlorine  or  bromine  water,  to  black  nickelic  hydroxide, 
Nij(HO)g,  which  is  gradually  precipitated ;  thus : 

2NiCy,  +  ClNaO  +  50H,  =  Ni,(HO)^  +  NaCl  -t-  4H0y. 

Nickelic  hydroxide  may  also  be  obUined  by  passing  chlorine 
through  water  in  which  nickelous  hydroxide  is  suspended.  Bromine 
water  and  then  sodium  hydroxide  added  to  a  nickel  solution  also 
throw  down  the  black  hydroxide.  HCl  decomposes  the  higher 
oxidised  compound  into  nickelous  chloride  and  free  chlorine.  A 
nickelic  oxide,  Ni^Oj,  obtained  by  gently  heating  the  hydroxide,  or  by 
keeping  the  niti-ate  at  a  temperature  of  about  200°  C,  is  a  black 
substance,  scarcely  soluble  in  boiling  acetic  acid. 

COBALT,  Co"  and  '^. — Occui-s  in  nature  as  sulphide,  or  cobalt 
pyrites,  Co^^Sj ;  as  arsenide  in  As^Co,  tin- white  cobalt  or  smaltine 
(speiss  cobalt) ;  as  sulpharsenide  or  cobalt  glance,  As,Co,CoS^ ;  also  in 
the  form  of  products  of  oxidation,  such  as  cobalt  vitriol,  CoSO^,7H,0; 
as  arsenate,  COgAs^Oj^HH^O,  in  cobalt  bloom.  Cobalt  is  generally 
found  in  small  quantity  in  most  nickel  and  iron  ores,  and  in  some 
silver  ores.  It  resembles  the  metal  nickel  very  closely ;  they  appear 
almost  to  be  right-  and  left-handed  modifications  of  the  same  sub- 
stance. Its  atomic  weight  =  7)8 '89.  Specific  gravity,  8*6.  Melting- 
point,  about  1800°  C.  It  is  slightly  redder  in  tint  than  Ni,  and  alK 
a  little  harder.     When  pure  it  behaves  similarly  to  Ni  as  regards  ail 

*  Potassium  cyanide  is  seldom  pnre  enough  to  give  this  reaction  cleanly.  ■ 
The  salt  should  be  recrystalllsed  from  alcohol  when  required  for  this  test. 
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and  water  and  acids.  It  also  becomes  slightly  magnetic.  Cobalt  is 
not  quite  so  abundant  nor  is  it  so  much  used  as  nickel.  Cobalt  does 
not  form  a  compound  with  CO. 

Cobalt  Alloys. 

These  are  not  numerous,  although  the  metal  seems  to  act  very 
like  nickel  towards  copper,  aluminium,  and  other  metals. 

Both  cobalt  and  oickel  form  a  definite  crystalline  compound 
with  tin,  of  the  composition  CoSn  and  NiSn  respectively.  These 
compounds  are  quite  insoluble  in  dilute  mineral  acids. 

Experiments. 

These  results  are  to  be  compared  with  those  from  nickel. 
Metallic  cobalt  can  be  obtained  in  thin  electro -deposited  plates, 
or  in  small  pieces  from  fusion. 

I.  Heated  in  air,  the  metal  becomes  covered  with  a  film  of  oxide, 
but  slowly. 

II.  Water  has  no  action  at  100°. 

III.  Sulphur  combines  slowly,  forming  black  CoS. 

IV.  Acids  act  with  about  the  same  ease  as  on  nickel.  With  HCl 
the  solution  is  pink,  and  becomes  blue  on  evaporating  ;  finally  a  blue 
mass  of  CoClj  is  left,  which  is  very  soluble  in  water. 

H^O^  acts  similarly  when  heated  and  not  too  dilute.  On  evapo- 
rating nearly  to  dryness,  red  crystals  of  CoSO^  are  formed. 

HNO3  acts  more  rapidly.  The  solution  is  pink  when  dilute,  and 
blue  when  concentrated,  and  on  complete  evaporation  a  blue  very 
deliquescent  mass  is  left.  Further  heating  gives  black  oxide,  C03O4. 
This  is  soluble  in  acids,  and  gives  the  same  salts  as  from  the  metal. 
The  nitrate  is  Co!N,Og  +  Aq. 

y.  Alkalies  have  no  action  either  on  metal  or  oxide. 

VI.  Ammonium  nitrate,  melted,  dissolves  the  metal  more  rapidly 
than  it  does  nickel.  A  rosy- coloured  cobaltamine  nitrate  and  nitrite 
is  produced,  which  explodes  when  heated. 

Dry  Reaetlons. 

Cobalt  is   usually  detected  with  comparative    facility.     Cobalt 

minerals  containing  sulphur  or  arsenic  are  roasted  on  charcoal,  or  in 

a  glass  tube,  when  sulphurous  and  arsenious  anhydrides  are  evolved. 

The  residue  is  then  introduced  into  a  borax  bead,  and  heated  in  the 

outer  flame,  when  a  fine  blue- coloured  bead  is  obtained.     This  colour 

remains  the  same  both  in  the  outer  and  inner,  or  reducing,  fiame. 

In  cases  where  much  Mn,  Fe,Cu,  or  Ni  are  mixed  with  Co,  the  blue 

appears  distinctly  only  after  the  bead  has  been  heated  for  some  time 

in  the  reducing  flame.     Microcosmic  salt  gives  a  similar  blue  bead. 

Heated  on  charcoal  with  sodium  carbonate  in  the  reducing  fiame, 

cobalt  separates  as  a  grey  metallic  powder,  which  is  attracted  by  the 

magnet.     Potassium  cyanide  is  more  efiective  than  the  carbonate  as 

a  reducing  agent. 

10 
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Reactions  in  Solution. 

Cobalt  Siilts  are  mostly  red  or  pink  when  crystalline  and  hydrated. 
The  solutions  are  also  red.  When  dehydrated  they  become  blue. 
The  solutions  also,  when  concentrated  and  warm,  are  blue,  and  turn 
pink  on  cooling  or  diluting.  Strong  solutions  of  cobalt  salts  seem, 
as  a  matter  of  fact,  to  dehydrate  in  the  presence  of  water.  The 
addition  of  a  strong  acid,  as  HCl  or  HNO,,  to  a  cobalt  solution  will 
change  the  colour  from  pink  to  blue. 

(NH^')^S  (group  reagent)  gives  a  black  precipitate  of  cobaitous 
sulphide,  CoS,  insoluble  in  excess  of  the  reagent,  and  very  difficultly 
soluble  in  dilute  hydrochloric  or  sulphuric  acid,  but  readily  soluble 
in  aqua  regia  upon  the  application  of  heat.  Hence  a  black  residue 
left,  on  treating  the  ammonium  sulphide  precipitate  of  Group  III. 
with  dilute  hydrochloric  acid,  indicates  probably  the  presence  of 
cabaltous  or  nickelous  sulphide. 

SHj  gives  no  precipitate  from  an  Jicid  solution,  but  precipitates 
cobaitous  sulphide  partially  from  a  neutral  solution,  and  wholly  from 
a  solution  of  cobaitous  acetate,  or  from  a  solution  of  a  cobaitous  salt 
containing  a  mineral  acid  on  the  addition  of  an  alkali  acetate. 

KHO  or  NaHO  gives  a  precipitate  of  a  blue  basic  salt  which 
turns  olive-green  on  exposure  to  air,  owing  to  the  absorption  of 
oxygen.  On  heating  in  very  dilute  solutions  a  rose-red  cobaitous 
hydroxide,  Co(HO)jj,  is  obtained,  which,  however,  often  contains  a 
small  amount  of  the  dark  brown  oxide.  Ammonium  carbonate  dis- 
solves the  precipitate  (after  filtration  and  washing)  to  an  intensely 
violet- red  fluid.     This  contains  the  salt  of  a  cobaltamine. 

By  suspending  cobaitous  hydroxide  in  water,  and  passing  a 
current  of  chlorine  into  it,  black  cobaltic  hydroxide  is  precipitated, 
cobaitous  chloride  remaining  in  solution  ;  thus  : 

8Co(HO),  +  CI,  =  Co,(HO)g  +  CoCl,. 
Cobaltic 
hydrate. 

In  the  presence  of  an  alkali  (NaHO)  the  whole  of  the  cobaitous 
hydroxide  is  converted  into  cobaltic  hydroxide.  Br  or  I  act  as  well 
asCl. 

NH^HO  produces  in  neutral  solutions  a  slight  precipitate  of  a 
basic  salt,  which  dissolves  readily  in  excess.  The  solution  is  reddish- 
brown.  Ammonium  chloride  prevents  the  precipitation  altogether. 
The  solution,  however,  absorbs  oxygen  from  the  air,  and  becomes  red 
on  standing,  a  roseo- cobaltamine  being  formed. 

Na^jCOg  precipitates  a  peach-coloured  basic  carbonate. 

(NH4H)C03,  same  precipitate ;  readily  soluble  in  excess  to  a  red 
solution. 

KCy  gives  with  all  neutral  cobaitous  salts  a  brownish- white  pre- 
cipitate of  cobaitous  cyanide,  CoCy,,  soluble  in  excess,  reprecipitated 
by  dilute  hydrochloric  or  sulphuric  acid. 

N.B. — In  case  the  cobaitous  solution  should  contain  free  acid,  so 
that  it  liberate  hydrocyanic  acid  by  the  action  of  the  latter  upon  the 


REACTIONS  OF  THE  iMETALS  OF  GROUP  III.      147 

excess  of  KCy,  also  if  the  solution  containing  the  double  cyanide, 
2KCy,CoCy^  be  heated  in  the  air  for  some  time,  dilute  hydrochloric  or 
sulphuric  acid  will  no  longer  produce  a  precipitate,  the  whole  of  the 
cobaltous  cyanide  having  been  converted  into  cobaltic  cyanide,  Co^Cyg, 
which  remains  combined  with  GKCy  to  form  a  well-defined  and  stable 
Silt,  potassium  cobalticyanide,  Kfio^Cy^^,  hydrogen  being  evolved  ; 
thus: 

2CoCy,  +  2HCy  =  Co.Cy,  +  H,. 
6KCy  +  Co.Cye  =  K,Co,Cy,,. 
Potassium 
cobalticyanide. 

This  salt  is  not  acted  upon  by  a  cold  solution  of  sodium  hypo- 
chlorite. It  corresponds  closely  to  potassium  ferricyanide.  From  it 
free  cobalticyanic  acid  may  be  obtained.  A  series  of  salts  of  this  acid 
is  known  (see  later). 

Separation  of  Nickel  from  Cobalt, — The  hydrocyanic  acid  reaction 
aflfords  a  good  method  of  separating  nickel  from  cobalt.  To  a  slightly 
acid  solution  of  the  two  salts  add  cautiously,  drop  by  drop,  a  solution 
of  potassium  cyanide  as  long  as  a  precipitate  forms,  and  till  the  pre- 
cipitate is  just  redit^solved  and  the  yellowish -brown  turbid  liquid  has 
become  clear.  Boil  for  some  time  in  a  well-ventilated  place,  to  avoid 
inlialing  fumes  of  HON  which  escape,  allow  to  cool,  and  add  a 
moderate  quantity  of  bromine  water,  chlorine  water — or  a  hype  chlorite 
such  as  bleaching  powder  solution  will  do  as  well — and  then  NaOlI. 
Nij(HO)g  is  precipitated  on  gently  warming,  and  cobalt  remains  in 
solution  as  KgCogCyj.^.  Separate  by  filtration.  Test  the  residue  in 
a  borax  bead  for  nickel,  and  evaporate  a  part  of  the  solution  to  dry- 
ness and  test  for  cobalt  by  means  of  a  borax  bead. 

Instead  of  separating  nickel  as  Ni2(H0)g  by  means  of  hypochlorite 
or  Br  water  and  NaOH,  the  solution,  after  digesting  with  excess  of 
HCy  or  KCy,  may  also  be  precipitated  whilst  hot  with  freshly  pre- 
cipitated and  washed  mercuric  oxide.  On  digesting  for  a  short  time 
at  a  gentle  heat  the  whole  of  the  nickel  is  precipitated,  partly  as 
Ni(H0)2,  partly  as  NiCy,,  the  mercury  combining  with  the  liberated 
cyanogen .  Filter  off  the  greenish  or  yellowish-grey  precipitate,  wash , 
and  ignite.     Pure  NiO  is  left ;  thus  : 

(1)  2NiCy,  +  HgO  +  OH,  =  HgCy,  +  Ni(HO)„NiCy,. 

Greenish 

precipitate. 

(2)  Ni(HO)„Ni€y,  +  HgO  +  =  :>NiO  +  HgCy,  +  OH.,. 

Volatile 

on  ignition. 

The  cobalt  remains  in  the  solution  as  KgCo^Cyj^,.  Nearly 
neutralise  with  dilute  nitric  acid,  and  add  a  neutral  solution  of 
mercurous  nitrate,  Hgj(N03)j.  A  white  precipitate  of  meicurous 
cobalticyanide,  'H.gfiofiy^^,  forms,  which  contains  the  whole  of  the 

cobalt.     Filter,  wash,  and  ignite  under  a  hood  with  free  access  of 

air,  when  tricolaltic  tctroxide,  €030^,  ia  left. 
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Another  method  of  separation  consists  in  adding  a  concentrated 
solution  of  pure  KNOj,  (potassium  nitrite)  in  considerable  excess  to 
a  concentrated  neutral  solution  of  the  two  metals,  then  acetic  acid 
until  acid  to  test  paper.  On  keeping  the  solution  in  a  moderately 
warm  place  the  nickel  salt  remains  in  solution,  and  the  whole  of  the 
cobalt  separates  in  the  form  of  a  crystalline  precipitate  of  a  fine 
yellow  colour  (from  a  dilute  solution  only  after  long  standing),  the 
formation  of  which  is  expressed  by  the  equation : 

2CoN,0,  +  14KN0,  +  ^j^J^^  +  OH,  = 

Co,6(NO,),6KNO„30H,  +  4KNO3  +  |^^^g. -h  N,0,. 

Yellow  precipitate. 

The  precipitate  is  perceptibly  soluble  in  cold,  and  more  readily 
still  in  hot  water ;  it  is  decomposed  by  hot  nitric  or  hydrochloiic  - 
acid,  or  by  potassium  hydroxide  :  insoluble  in  alcohol  and  in  the  ^ 
presence  of  potassium  acetate ;  and  it  can  therefore  be  washed  by  -%, 
a  solution  of  potassium  acetate,  and  finally  with  alcohol.  This  ^--i 
reaction  separates  nickel  from  cobalt  very  effectually.* 

From  the  filtrate  the  nickel  is  best  precipitated  as  the  apple . 

green  basic  carbonate  by  a  fixed  alkali  carbonate,  or  as  the  per-—  — . 
oxide  by  addition  of  bromine  water  and  an  alkali. 

The  presence  of  Ba,  Sr,  or  Ca  salts  interferes  with  the  reaction..^^ 
triple  nitrites  of  Co,  Ni,  and  one  of  the  other  metals  being  formedHS 
nickel  forming  similar  compounds  with  Ba,  Sr,  or  Ca  to  those  whic^^S 
cobalt  forms  with  the  alkali  metals. 

On  igniting  Ni(N03)2,  a  dirty  greyish  powder  of  NiO  is  lef  -^, 
Co(N03)j„  heated  gently  at  about  200°  in  an  air-bath,  leaves  blac^i 
cobaltous  dicobaltic  tetroxide,  COgO^,  which  is  not  soluble  in  boilit-:^  ^r 
dilute  acetic  acid.     On  treating  this  oxide  with  hydrochloric  a(^S(/ 
chlorine  gas  is  evolved,  according  to  the  equation  ; 

Co,0,  +  8HC1  =  3CoCJ,  +  CI,  +  4OH3. 

Both  nickel  and  cobalt  are  capable  of  forming  compounds  in 
which  the  metals  exist  in  a  triad  condition,  viz : 


NiA, 

CoA. 

and 

00,83. 

Nickelic 

Cobaltic 

Cobaltic 

oxide. 

oxide. 

sulphide. 

NijjO.,  is,  however,  mostly  obtained  in  the  presence  of  water  by  the 
action  of  oxidising  agents,  and  cannot  exist  at  a  high  temperature. 

COgO^,  on  the  other  hand,  is  obtained  in  the  dry  way,  or  on  gentle 
ignition  of  cobaltous  salts  containing  volatile  acids,  and  gives  up  a 
portion  of  its  oxygen  only  on  strong  ignition. 

The  same  tendency  to  form  a  compound  in  which  cobalt  exists 
as  a  tetrad  element  is  observed  on  exposing  the  freshly  precipitated 

*  This  reaction  can  evidently  not  be  used  for  hurried  work. 
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hydroxide  to  the  air,  or  on  passing  chlorine  or  adding  bromine  or 
iodine  to  cobaltous  solutions. 

Little  use  has  been  made  of  these  reactions  for  analysis  purposes 
beyond  the  conversion  of  CoCy,  into  CogCyg,  in  the  presence  of 
potassium  cyanide,  or  of  CoO  into  00,0,  in  the  potassium,  nitrite 
reaction. 

MANGANESE,  Mn",  \  and  ^.—Atomic  weight,  54-8;  specifip 
gravity,  8-0.  It  melts  at  about  1900°  C.  Occurs  in  nature  in 
various  states  of  oxidation,  forming  oxides,  of  which  the  mineral 
pyrolusite,  MnO„  is  the  most  important.  It  is  found  in  small 
quantities  in  many  iron  ores,  and  is  a  frequent  constituent  of 
silicates,  the  MnO  replacing  the  isomorphous  bases,  FeO,  ZnO,  MgO, 
CaO,  without  altering  the  crystalline  structure  of  the  minerals.  It 
exists  both  in  the  dyad  and  tetrad  condition  in  manganous  and 
manganic  oxides.  The  anhydrous  oxides  known,  besides  pyrolusite, 
are  braunite,  MujOj,  hausmannite,  MujO^ ;  the  hydrated  oxides  are 
manganite,  Mn,03,H,0,  psilomelane,  wad,  varvicite,  copper-mangan, 
^.  Manganese  is  found  in  combination  with  sulphur  in  manganese 
blende,  MnS ;  with  carbonic  acid  in  diallogite,  MnCOg ;  with  silica 
in  red  manganese  or  mangan  kiesel  (rhodonite),  MnSiOg;  and  in 
tephroite,  MugSiO^ ;  with  phosphoric  acid  as  triplite,  MD.^i\Ffi^. 

Manganese  is  not  used  exactly  in  the  pure  metallic  state,  but  is 
largely  employed  as  an  alloy  with  iron,  as  Spiegel eisen,  manganese 
steel,  and  in  some  bronzes,  <kc.  Spiegeleisen,  or  ferromanganese,  is  an 
essential "  reagent "  in  the  manufacture  of  steel  by  the  "  open  hearth  " 
and  the  "  Bessemer  "  processes.  In  both  processes  an  oxide  of  iron  is 
produced  and  dissolved  by  the  "  steel."  Ferromanganese  is  added  at 
tbe  final  stage  in  the  process.  The  manganese  removes  the  oxygen 
compound,  forming  a  fusible  slag,  and  the  carbon  of  the  ferio- 
manganese  "  carburises  "  the  steel.  Manganese  combines  also  with 
and  removes  sulphur  from  melted  iron  or  steel.  Manganese  can 
^  obtained  in  a  compact  state  by  reduction  of  the  oxide  with 
aluminium  powder,  in  which  form  it  is  sometimes  used  for  preparing 
alloys,  with  copper  and  other  metals.  It  imparts  considerable 
Wdness  to  alloys.  Manganese  bronze,  a  compound  of  manganese 
and  copper,  is  a  very  valuable  alloy.  Manganese  is  not  magnetic. 
The  powdery  metal  obtained  by  reduction  of  the  oxide  by  carbon 
oxidises  very  rapidly  in  air  and  water,  and  dissolves  in  most  acids, 
Wt  the  compact  metal  is  not  very  easily  acted  upon. 

bperiments. 

I.  HCl  dissolves  MnO,  (and  other  oxides) ;  chlorine  is  evolved 
on  heating.     On  evaporating,  a  pale  pink  mass  of  MnCl^  is  left. 

II.  Alkalies  are  without  action  in  solution,  but  when  melted 
form  a  green  mass  of  alkali  manganate. 

III.  With  the  metal.  Metallic  Mn  powder  heated  in  air 
oxidises,  frequently  glowing  and  forming  a  red  or  brown  powder. 

IV.  HCl  dissolves  the  metal  slowly,  giving  off  H,  which  contains 
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some  hydrocarbon.     Diluted  nitric  and  sulphuric  also  dissolve  it, 
but  the  concentrated  acids  have  little  action. 

V.  The  finely  powdered  metal  oxidises  very  rapidly  when  dropped 
into  melted  nitre. 

Dry  Reactions. 

The  presence  of  manganese  is  readily  detected  in  minerals  which 
contain  no  other  oxides  capable  of  colouring  fluxes,  as  they  dissolve 
when  heated  in  the  outer  flame,  in  the  borax  bead,  or  in  a  bead  of 
microcosmic  salt,  to  a  clear  violet-red  colour,  which  becomes  of  a  fine 
amethyst  colour  on  cooling.  The  bead  becomes  colourless  when 
heated  in  the  reducing  flame.  If  other  metallic  oxides  are  present 
it  is  preferable  to  mix  a  small  trace  of  the  finely  powdered  manganese 
compound  with  two  or  three  times  its  weight  of  sodium  carbonate 
(a  little  nitre  should  also  be  added),  and  to  fuse,  on  platinum  foil 
(a  small  platinum  spoon  or  the  lid  of  a  platinum  crucible)  in  the 
oxidising  flame,  or  over  the  tip  of  the  Bunsen,  when  a  bluish-green 
mass  is  left  after  cooling,  consisting  of  sodium  manganate,  Na^MnO^. 
The  mass  at  the  same  time  loses  its  transparency.  This  forms  the 
mo<t  characteristic  and  delicate  reaction  for  manganese.  Manganous 
and  manganic  oxides  are  converted  by  this  treatment  into  a  higher 
x)xi(le,  perhaps  Mnfij. 

Reactions  in  Solution. 

The  sulphate  and  chloride  are  soluble  and  common.  Solid 
hyd rated  manganous  silts  are  pinkish  in  colour. 

All  the  higher  oxides  of  manganese,  when  heated  with  hydrochloric 
acitl,  evolve  chlorine,  and  are  converted  into  manganous  chloride. 
The  chlorine  so  evolved  is  sometimes  taken  as  a  measure  of  the 
amount  of  MnO^,  present  in  a  manganese  ore. 

Dilute  solutions  of  pure  manganous  salts  are  colourless. 

(NH^)^,S  (group  reagent)  gives  a  flesh-coloured  precipitate  of 
manganous  sulphide,  MnS,  readily  soluble  in  dilute  acids,  even  acetic 
acid.  Hence  the  presence  of  free  acetic  acid  prevents  the  precipi- 
tation of  manganese  by  SH^,  (method  of  distinguishing  Co  and  Ni  from 
Mn).  The  manganese  may  be  separated  by  repeating  once  or  twice 
the  precipitation  of  cobalt  and  nickel  in  the  presence  of  acetic  acid. 

SHjj  does  not  precipitate  a  neutral  solution  of  a  manganous  salt ; 
the  acetate  is  acted  upon  but  very  slowly  and  imperfectly,  and  not 
at  all  when  free  acetic  acid  is  present. 

K  HO  or  NaHO  gives  a  white  precipitate  of  manganous  hydroxide, 
Mn(HO)j,,  insoluble  in  excess.  The  precipitate  speedily  absorbs  oxygen 
from  the  air,  and  turns  dark  brown  with  formation  of  Mnj03,HjO, 
which  then  no  longer  dissolves  completely  in  ammonium  chloride. 

NH^HO  precipitates  a  white  hydrated  oxide  from  neutral  solu- 
tions ;  insoluble  in  excess,  or  in  ammonium  carbonate.  It  rapidly 
absorbs  oxygen.  No  precipitate  is  produced  in  solutions  containing 
ammonium  chloride.  On  exposing  an  ammoniacal  solution  of  the 
soluble  double  chloride,  2NH^Cl,MnCl„  to  the  action  of  the  air,  the 
whole  of  the   manganese  is  gradually  precipitated  M  dark- brown 
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manganic  hydroxide,  MiijOjjHjG.  This  reaction  is  characteristic  for 
manganese  compounds,  and  distinguishes  it  from  zinc,  nickel,  &c.  In 
this  change  the  ammonia  conveys  oxygen  to  the  manganous  salt  in 
a  manner  similar  to  the  action  it  has  upon  cobaltous  salts,  or  upon 
metallic  copper,  in  the  presence  of  oxygen  or  air.  That  is,  a  small 
quantity  of  manganamide  is  produced,  which  rapidly  becomes  oxidised 
and  passes  the  oxygen  to  the  manganese  itself. 

Owing  to  this  tendency  of  manganous  salts  to  become  oxidised  and 
precipitated  in  the  presence  of  free  ammonia,  it  is  not  possible  to 
completely  separate  manganous  from  ferric  salts  by  means  of  ammo- 
nium chloride  and  hydroxide.  The  reddish-brown  ferric  hydroxide, 
which  is  precipitated,  invariably  carries  down  more  or  less  Mn^,Oj„Hp ; 
and  small  quantities  of  manganese  cannot,  therefore,  be  separated  from 
iron  by  precipitation  with  these  reagents.  The  separation  succeeds 
best  if  the  excess  of  ammonia  be  immediately  boiled  off. 

Na^CO,  or  K,CO,  precipitates  white  manganese  carbonate,  MnCOj, 
insoluble  in  excess  of  the  reagent,  but  pretty  readily  soluble  in  ammo- 
nium chloride.  This  precipitate  also  absorbs  oxygen  from  the  air,  and 
turns  to  a  dirty  brownish -white  colour,  owing  to  the  formation  of  man- 
ganic oxide  or  hydroxide.  On  ignition  with  free  access  of  air  the  white 
carbonate  turns  first  black,  and  changes  subsequently  to  brown  triman- 
ganic  tetroxide,  MnjO^.  All  manganese  oxides  are  finally  obtained 
upon  ignition  in  the  air  in  the  form  of  MngO^.  Both  Mn^g  and  Md^O^ 
are  compounds  of  MnO  with  MnO^. 

KCy  gives  a  whitish  precipitate  of  manganous  cyanide,  MnCy^,, 
soluble  in  excess  to  a  brown  solution,  which  is  not  precipitated  by 
ammonium  sulphide.  Manganous  compounds,  soluble  or  not,  are 
yery  readily  oxidised  on  contact  with  water  and  chlorine,  bromine,  or 
iodine,  or  a  hypochlorite  to  MnOj.HjO  : 

MnCl,  +  ClNaO  +  20H,  =  MnO„H,0  +  NaCl  +  2HC1. 

By  fusion  with  dry  sodium  carbonate,  alone  or  together  with  nitre, 
the  manganous  or  manganic  compounds  are  converted  into  an  alkali 
nwmganate,  in  which  the  metal  manganese  acts  the  part  of  a  hexad 
element.  Only  the  alkali  manganates  dissolve  in  water,  giving  green 
^lutions. 

Manganates  are  readily  decomposed  in  aqueous  solutions.  On 
gently  heating  a  solution  of  potassium  manganate,  with  free  access 
<rfair,  the  green  colour  changes  to  purple-red,  owing  to  the  formation 
e|  potassium  permanganate,  K^Mn^Oy,  and  separation  of  hydra  ted 
toxide  and  alkali  hydroxide,  thus : 

3K,MnO,  +  80H,  =  K^Mn^O^  +  MnO^H^  +  4KII0. 

I^e  change  is  accelerated  by  adding  a  few  drops  of  a  dilute  mineral 
•cid,  e,g.y  nitric,  hydrochloric,  or  sulphuric  acid,  which  combines  with 
the  liberated  alkali  and  manganese  oxide. 

The  manganese  seems  to  act  here  the  part  of  a  pseudo-octad 
element;  and  it  may  readily  be  inferred  that  the  different  oxygen 
atoms  perform  different  functions  in  such  a  highly  oxygenised  popir 
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pound,  and  that  the  manganese  will  part  with  some  more  readily 
than  with  others. 

Manganic  dioxide,  as  well  as  other  peroxides,  also  the  alkali 
manganates  and  permanganates,  act  as  powerful  oxidisers,  differing 
merely  in  the  extent  of  their  oxidising  action. 

Manganic  dioxide  gives  off  oxygen  on  warming  with  concentrated 
sulphuric  acid,  and  forms  normal  manganous  sulphate : 

2MnO,  +  2H,S0,  =  O,  +  2MnS0,  +  20H,. 

Sulphuric  acid  added  to  sodium,  or  other  manganate,  gives  off 
oxygen,  and  forms  sulphates,  thus : 

Na^MnO,  +  2H,S0,  =  O,  +  MnSO,  +  Na,SO,  +  20H,. 

Sulphuric  acid  added  to  a  solution  of  potavSsium  permanganate 
liberates  five  atoms  of  oxygen,  and  leaves  manganous  and  pot^um 
sulphates  in  the  solution  when  something  is  present  capable  of 
taking  up  the  oxygen. 

2K,Mn,0,  +  GH,SO,  =  50,  +  4MnS0,  +  2K,S0,  +  60H,. 

Note. — This  equation  is  true  if  the  permanganate  be  added  to  hot 
moderately  strong  sulphuric  acid.  When  added,  in  powder,  to  cold 
CO  icentrated  II^jSO^,  the  first  reaction  is 

K^Mn.O,  +  H,SO,  =  K,SO,  +  H,0  +  Mn,0,. 

This  substance  Mn^jO^  collects  in  oily  drops  on  the  sulphuric  acid. 
They  have  a  beetle-green  lustre,  and  give  off  a  pink  vapour.  Contact 
with  almost  any  kind  of  combustible  substance,  as  sulphur,  phos- 
phorus, carbon  compounds,  especially  solid  benzenoid  hydrocarbons, 
will  cause  a  violent  explosion.  Very  little  of  this  substance  must  be 
made  at  once,  as  a  slight  elevation  of  temperature  also  causes  violent 
decomposition.  The  substance  distils  over  along  with  steam,  and 
condenses,  yielding  free  permanganic  acid. 

Hydrochloric  acid  also  reacts  with  the  higher  oxides  of  manganese, 
with  evolution  of  chlorine  and  formation  of  metallic  chlorides  and 
water.  Potassium  permanganate  and  hydrochloric  acid  form  the 
most  convenient  chlorine  **  generator"  on  a  small  scale.  The  per- 
oxides of  manganese,  especially  the  black  oxide,  constitute  the 
principal  substances,  used  together  with  hydrochloric  acid,  or  sodium 
chloride  and  oil  of  vitriol,  for  evolving  chlorine  both  in  the  laboratory 
and  on  a  manufacturing  scale. 

No  other  mineral  oxidising  agent  is  capable  of  yielding  from  one 
molecular  group  of  elements  five  atoms  of  oxygen ;  and  there  are  but 
few  substances  which  resist  the  oxidising  action  of  potassium  per- 
manganate. Hydrogen,  freshly  ignited  charcoal,  phosphorus,  iodine, 
sulphur,  sulphuretted  hydrogen,  carbon  disulphide,  hydrocarbons 
and  organic  bodies  generally,  are  oxidised  more  or  less  rapidly.  The 
rate  and  products  differ  according  as  the  solution  is  acid  or  alkaline. 

Most  of  the  common  metals  are  oxidised  in  contact  with  a  perman- 
ganate and  an  acid.     This  action  is  not  so  general  when  the  solution 
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is  filkaline.  Iron  is  not  in  the  }emt  affected  in  an  alkaline  solution, 
Many  lower  oxides,  ehloride.Sj  tfec*,  are  converted  intD  higher  oxides, 
•kc.j  especially  in  the  presence  of  a  free  acid  (hydrochloric  or  sul- 
phtiric).  T]m8  arsenioiis  is  converted  into  arsenic  acid,  sulphurous 
into  sulphiiricj  nitrous  hito  nitric,  phosphorens  into  phojsphoric  acid. 
Oxalic  acid  is  oxidised  into  carbon  dioxide  and  water*  Lower  or 
--ous  chlorides,  sulphates,  (fee*,  are  converted  into  tlie  higher  or  -ie 
©alt? ;  e.^.j  ferrous,  stannous,  antimoniou.s,  cuprous,  and  mei^urous 
-chlorides  are  oxidised  or  "  chlorinised,'^  in  tlie  presence  of  free 
liydrochioric  acid,  into  ferric,  sti^nnic,  aotimonic,  cupricj  and  mercunc 
chlorides.  The  mangane&e  and  potassinm  of  the  permanganate  are 
left  in  solution  n£i  cliloridas.  Ferrougj  cuprous,  and  other  sulphates 
3\re  convei'ted  in  the  presence  of  free  sulphuric  or  hydrochloric  acid 
into  ferric^  cupric,  ttCn,  sulphates. 

The  reaction  in  all  these  eases  is  indictited  by  a  change  of  colour. 
^^n  adding,  for  instance,  the  purple-coloured  permanganate  solution 
^0  a  solution  of  sulphurous  acid  the  colour  is  instantlj'  destroyed  as 
long  as  any  sulphurous  acid  is  left.  Permanganate  is  a  quantitative 
aneasure  for  sulphurous  acid,  and  in  like  manner  for  othei'  lower 
I  oxide^s,  chlorides  J  organic  substances,  *.tc. 

^L        Sulphurous  acid  requires  one  atom  of  oxygen   in   order  to  be 

^■HOtiverted  into  sulphuric  acid  ;  as  one  molecule  of  potassium  per- 

^^:manganate  can  pait  with  five  atoms  of  oxygen,  one  molecule  of  the 

oxiilising  agent  oxidises  five  mole*Jules  of  the  reducing  agent — i.e., 

Mi>  parts  by  weight  of  potassium  permanganate  aie  the  measure  for 

5  X  04  "  H2(  J  parts  by  weight  of  80^, 

I  Two  molecules  of  ferrous  sulphate  in  the  presence  of  sulphuric 

add  combine  with  one  atom  of  oxygen  to  form  one  molecule  of  ferric 
>-u!ph!ite,  thus  ;  2FeS0^  +  H.^O,  +  O  =  BX(BO,),  -f  HA  Hence  one 
molecule  of  potassium  permanganate  oxidises  ten  molecules  of 
FeSOj,  ten  molecules  of  FeU,  or  ten  atoms  of  Fe  ;  so  that  3HJ  parts 
by  weight  of  KgMBjj(J^  nre  a  measuie  for — - 

110  X  152  parts  by  weight  of  FeSO, 
or  10  X     72  ,,  FeO 

or  10  X     TiO  „  Fe, 

ZINCf  Zn", — Occurs  in  nature  chiefly  as  sidphide  or  zinc  blende, 
black  jack,  ZnS  ;  as  carbonate,  or  calamine,  ZnCO^ ;  and  as  silicate, 
or  zinc  glance,  electric  calamine,  Zn^SiO^,OHj,  wlllemite,  Zn^SiO^  j 
also  as  oxide  in  red  zinc  ore,  ZnO*  The  red  colour  is  due  to  oxides 
of  iron  and  manganese. 

The  metal  being  volatile  at  a  high  temperature  is  extracted  from 
its  oxide  by  distillation  with  carbon.  It  is  of  a  decided  blue  tint; 
highly  crystalline,  and  somewhat  brittle  when  cold,  but  becomes 
malleable  when  heated  to  about  12(1°  C.  Its  atomic  weight  =  64^90 ; 
specific  gravity,  7^15  ;  melting-point,  -^60^  C- ;  boihng- point,  about 
1040'^  C,  It  oxidises  superficially  in  air,  and  decomposes  %vater 
slowly  at  its  boiliog-point  (100^  C),  and  steam  i^apidly  at  a  red  heat. 
It  dissolves  in  most  acids,  mineral  or  organic,  displacing  two  equi- 
valents of  hydrogen.     It  is  also  dissolved  by  the  alkali  hydroxides 
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when  they  are  fused  or  in  aqueous  solution.  Ammonium  hydroxide 
dissolves  it  in  presence  of  air,  and  the  metal  decomposes  also  gaseous 
ammonia  when  heated  in  it.  Ammonium  nitrate  in  a  melted  state 
attacks  the  metal  very  violently.  Its  water  solution  also  dissolves 
the  metal  without  evolution  of  gas.  Most  ammonia  salts  are  de- 
composed more  or  less  rapidly  by  zinc. 

Zinc  oxide  is  neither  fusible  nor  volatile  at  temperatures  below 
that  of  burning  hydrogen  or  the  electric  arc.  It  is  used  in  some 
incandescence  lamp  mantles. 

Zinc  is  more  electro-positive  than  most  other  common  metals,  and 
as  it  dissolves  both  in  acids  and  alkalies  can  "  reduce  "  most  of  the 
per-  or  -ic  salts  of  these  metals  to  a  lower  state  of  combination,  or 
even  to  the  metallic  state.  It  reduces  solutions  of  salts  of  Fe,  Cr, 
Co,  Mn,  Ni,  Mo,  Ti  to  their  lowest  stage  of  combination,  and  Cu,  Pb, 
Sn,  Sb,  As,  Ag,  Cd,  Bi,  Au,  and  Pt  to  the  metallic  state. 

For  this  reason  it  is  largely  used  as  the  positive  element  in 
several  forms  of  galvanic  coil. 

In  a  state  of  powder,  known  as  zinc  dust — really  a  mixture  of 
the  metal  and  hydroxide — it  is  used  to  "  reduce  "  some  organic  com- 
pounds, or  deprive  them  of  oxygen  or  halogens  and  add  hydrogen. 

With  some  organic  radicals,  as  methyl  (CH,),  ethyl  (CjHg),  «kc.,  it 
forms  a  series  of  compounds,  mostly  volatile,  which  are  self-igniting 
in  contact  with  air.  This  is  especially  the  case  with  zinc  methyl, 
Zn(CH3),  and  zinc  ethyl,  Zn(C,H,),. 

Zinc  Alloys. 

The  metal  unites  with  most  other  metals,  but  few  of  the  com- 
pounds or  alloys  possess  the  physical  properties  generally  required 
for  practical  purposes.  Its  most  useful  combination  is  with  copper, 
constituting  brass.  Muntz  metal  contains  zinc,  copper,  iron ;  and 
many  "  bronzes  "  contain  small  quantities  of  the  metal.  "  Galvan- 
ised "  iron  is  a  surface  alloy  of  zinc  on  iron,  prepared  either  by  dipping 
the  clean  iron  article  into  melted  zinc  or  by  electro  deposition.  The 
idea  in  its  employment  is  that  the  zinc  will  oxidise  first  and  preserve 
the  iron.  It  does  this  also  because  the  zinc  oxide  "  sticks  "  fast  on 
the  surface  of  the  metal,  and  thus  protects  it  from  rapid  oxidation 
like  a  coating  of  varnish,  whilst  iron  oxide  peels  off  almost  as  rapidly 
as  formed. 

Many  triple  alloys,  such  as  zinc-aluminium-tin,  have  found  specific 
uses. 

Zinc  does  not  unite  with  lead  to  the  extent  of  more  than  1  per 
cent. 

Experiments. 

I.  Zinc  heated  in  air  melts,  with  formation  of  a 'film  of  oxide, 
which  soon  wrinkles.  The  metal  when  hot  enough  vapourises  and 
burns  with  a  blue  flame ;  a  crust  of  oxide  forms.  This  oxide,  ZoO, 
is  yellow  whilst  hot  and  white  on  cooling.  It  does  not  melt  or 
vapourise. 

li.  Water  has  little  visible  action  below  100°. 
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III.  Just  melted  with  sulphur,  very  little  action  takes  place,  or 
only  a  superficial  one.  Strongly  heated,  to  vapourising,  in  a  hard 
tube,  a  somewhat  energetic  combination  takes  place.  It  is  best  to 
ieat  up  quickly  over  a  blowpipe. 

IV.  HCl  and  H,SO^  (dilute)  dissolve  the  metal  rapidly,  evolving 
hydrogen.  The  sulphuric  acid  solution  on  evaporation  easily  gives 
white  crystals  of  ZnSO^,7HjO.  The  HCl  solution  on  evaporation 
yields  a  syrup,  ZnCl,,  which  at  a  red  heat  gives  off  whitish  vapours. 
On  cooling  it  sets  into  a  white  or  sometimes  glassy  mass.  It  is 
extremely  deliquescent  and  soluble. 

Nitric  acid  acts  very  rapidly;  red  fumes  are  evolved.  The 
solution  contains  ZnNjOg,  which  is  left  on  careful  evaporation  as  a 
similar  substance  to  the  chloride. 

Alkalies  dissolve  the  metal  on  heatirg,  libeiating  hydrogen  and 
forming  white  compounds,  as  ZnOK^jO.  If  Fe  or  Pt  be  present  the 
action  is  more  vigorous. 

The  oxide  dissolves  very  easily  both  in  acids  and  alkalies,  includ- 
ing ammonium  hydroxide. 

Dry  Reactions. 

The  most  characteristic  blowpipe  reaction  for  zinc  consists  in  the 
white  incrustation  of  zinc  oxide  which  its  compounds  yield  when 
heated  on  charcoal  in  the  reducing  flame  with  sodium  carbonate. 
The  zinc  compound  is  reduced  to  the  metallic  state,  and  the  metal, 
being  volatile,  burns,  on  passing  through  the  outer  flame,  with  a 
bluish-green  flame,  and  is  converted  into  oxide,  which  covers  the 
charcoal  with  an  incrustation,  yellow  when  hot,  white  when  cold, 
and  which  assumes  a  fine  green  colour  when  treated  with  a  solution 
of  cobaltous  nitrate  and  once  more  strongly  heated  in  the  outer 
flame.  The  incrustation  is  not  driven  away  in  the  oxidising  flame 
— zinc  oxide  being  non-volatile. 

Zinc  compounds  give  with  borax  or  microcosniic  salt  in  both 
flames  a  bead,  which  is  yellowish  whilst  hot  and  white  on  cooling ; 
opaque  if  much  zinc  salt  be  present.  This  applies,  however,  only  to 
pure  zinc  compounds,  and  the  detection  of  zinc  by  the  blowpipe  in 
poor  ores  containing  other  readily  oxidisable  metals  (such  as  Pb,  Cd, 
As,  Sb,  which  likewise  give  incrustations)  is  a  matter  of  gi^eat  uncer- 
tainty.    The  borax  bead  test  is  quite  unreliable  for  zinc. 

Zinc  sulphide  (zinc  blende),  when  roasted  in  a  tube  of  hard  glass, 
loses  part  of  its  sulphur  in  the  form  of  sulphur  dioxide,  and  forms 
some  zinc  sulphate,  ZnSO^  (white  vitriol),  which  may  be  extracted 
with  water. 

Both  calamine  and  blende  on  thorough  roasting  leave  zinc  oxide. 

Reactions  in  Solution. 

Most  zinc  salts  are  soluble  in  water,  the  chloride  and  nitrate 
extremely  so.  They  are  only  coloured  when  the  acid  is  coloured,  or 
a  chromogen. 

(NHJjS  (group  reagent)  gives  a  white  precipitate  of  zinc  sulphide, 
ZnS,    insoluble   in  excess.     From    dilute  solutions   the  precipitate 
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separates  only  after  some  time,  but  more  speedily  in  the  presence  of 
ammonium  chloride.  It  is  readily  decomposed  by  dilute  hydro- 
chloric and  sulphuric  acids,  with  the  evolution  of  sulphuretted 
hydrogen  ;  also  by  nitric  acid,  -but  is  insoluble  in  acetic  acid. 

SH,  precipitates  zinc  imperfectly  from  neutral  solutions  of  zinc 
salts  with  mineral  acids ;  but  from  an  acetate  or  a  solution  of  a 
zinc  salt  mixed  with  an  alkali  acetate  the  whole  of  the  metal  is 
precipitated  by  sulphuretted  hydrogen  as  zinc  sulphide,  even  in 
the  presence  of  much  acetic  acid.  (Method  of  separation  of  Zn 
from  Mn.) 

KIIO  or  NaHO  precipitates  the  white  Zn(HO)j,  readily  soluble 
in  excess,  also  in  ammonium  hydroxide;  reprecipitated  almost  entirely 
on  largely  diluting  with  water  and  boiling  ;  soluble  also  in  ammonium 
chloride.  Sulphuretted  hydrogen  precipitates  the  whole  of  the  zinc 
from  these  solutions.  In  the  presence  of  the  hydroxides  of  manganese, 
nickel,  and  cobalt,  KIIO  or  NaHO  does  not  readily  dissolve  out  the 
whole  of  the  zinc  hydroxide. 

Na^C(  )3  or  K^^COg  produces  a  white  precipitate  of  basic  carbonate, 
consisting  of  two  molecules  of  zinc  carbonate  and  three  molecules  of 
hydroxide,  ac(rording  to  the  equation: 

r>ZnS( ),  -f  r>Na,C03  +  '^^H,  =  2ZnC03,3Zn(OH),  +  oNa.SO,  +  SCO. 

A  large  excess  of  ammonium  sfilts  prevents  this. 

On  ignition  this  carbonate  leaves  ZnO,  zinc  oxide,  also  known  in 
commerce  under  the  name  of  zinc  white. 

Ammonium  carbonate  produces  the  same  precipitate,  soluble, 
however,  in  excess. 

KCy  gives  a  white  precipitate  of  zinc  cyanide,  ZnCy^,  soluble  in 
excess,  not  reprecipitated  by  (NH^)jS,  but  completely  precipitated  by 
sodium  or  potassium  sulphide,  as  ZnS.  (Method  for  the  separation 
of  Zn  from  Ni.) 

Metallic  zinc  precipitates  less  electro-positive  metals  from  their 
solutions,  viz.,  As,  Hb,  8n,  Cd,  Cu,  Pb,  Ag,  Bi,  Hg,  and  on  dis- 
solving impure  metallic  zinc  in  dilute  acids  (hydrochloric  or  sul- 
phuric) these  metals  do  not  dissolve  as  long  as  any  zinc  remains 
undisssolved.  Hence  zinc  protects  other  metals,  such  as  copper,  iron 
(galvanised  iron),  &c.,  from  the  oxidising  action  of  air,  water,  and 
acids. 

Zinc,  when  placed  in  contact  with  platinum,  iron,  &c.,  dissolves  in 
cold  alkaline  solutions.     (See  Experiments,  ante.) 

Zinc  vapour  decomposes  CO^  at  a  high  temperature,  and  forms 
ZnO  and  CO.  ZnO,  however,  yields  its  oxygen  to  carbon.  (Method 
of  extracting  metallic  zinc  from  its  ores.  It  is  much  more  likely  that 
in  the  extraction  of  zinc  from  ZnO  the  large  excess  of  CO  present 
in  the  retort  may  really  do  all  the  reduction,  in  addition  to  carrying 
the  zinc  vapour  forward  to  the  outlet.) 

IRON,  Fe",  ^^,  and  ^\ — Occurs  very  abundantly  in  nature,  mostly  in 
a  state  of  combination  with  oxygen  and  sulphur.  It  isals6  found  as 
"  meteoric  iron  "  and  in  some  very  old  rocks  also  in  the  metallic  state, 
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bat  very  finely  divided.  There  are  a  great  number  of  iron  minerals 
known,  but  it  will  suffice  if  some  of  those  iron  ores  suitable  for  the 
extraction  of  iron  are  mentioned.     The  most  important  are : 

1st.  Ores  containing  ferrous  oxide  :  spathic  or  s(iarr\'  iron  ores, 
FeCOj,  containing  varying  quantities  of  MnCO^,  MgCO^.  and  CaCOj : 
black  band  or  carbonaceous  iron  ore,  containing  from  '2)  to  2.3  per 
cent,  of  bituminous  matter;  clay  ironstone  is,  as  its  name  indicates, 
associated  with  clayey  matter.  It  is  from  these  two  ore^  that  the 
greater  part  of  the  iron  manufactured  in  this  country  is  deiived. 
They  occur  in  immediate  proximity  to  the  coal  measures  and  lime- 
stone beds — the  fuel  and  flux  employed  in  their  reduction  to  the 
metallic  dtate.     Some  of  these  contain  phosphates  in  some  quantity. 

2Qd.  Ore  containing  ferrous  and  ferric  oxides — viz.,  magnetic 
iron  ore,  FOjO^. 

3rd.  Ores  containing  ferric  oxide  only — viz.,  red  haematite 
(micaceous  iron,  oligist,  specular  iron,  or  iron  glance).  Fefly  This 
oxide  forms  different  compounds  with  water  which,  according  to  the 
amount  they  contain,  have  received  different  names — viz.,  turgite, 
2Fe,03,OH, ;  needle  iron  ore,  brown  iron  ore,  or  pyrrho&iderite, 
FejOjjOH, ;  limonite  or  compKEict  bi-o^n  iron  ore,  brown  h*matite, 
-Fe,03,8OHj ;  varieties :  oolitic  iron  ore  (pea  ore) ;  yellow  ii*on  ore 
or  xanthosiderite,  Fe,0j.20Hy 

A  few  other  iron  ores  deserve  attention.  They  are  not  used  for 
the  extraction  of  iron,  but  are  valuable  as  a  cheap  source  of  sulphur 
^viz.,  iron  pyrites,  martial  pyrites  or  mundic,  FeS,,  found  abun- 
^Jantly  in  nature  ;  copper  pyrites,  Fe^S,,  Cu,S,  and  magnetic  pyrites, 
oFeS,  Fe,S3  or  Fe-S,. 

Besides  these  ores,  iron  is  found  in  nature  in  combination  with 
arsenic  and  sulphur,  in  mispickel,  FeASj,FeS,  ;  with  chromium  as 
chrome  iron  ore,  FeO,CrjOj;  with  silica  as  chloropal,  Fe,(Si03)3,3II/J, 
*nd  many  other  silicates ;  as  sulphate,  in  gi-een  coppei-as  or  green 
vitriol,  FeS0„70H, ;  as  phosphate  in  vivianite,*  Fe^FJ\,><OU^  (fer- 
^us  phosphate)  ;  as  arsenate,  in  scorodite,  FcjASjO^,  and  others. 

All  the  oxides  of  iron  part  readily  with  their  oxygen  when  heated 
^th  carbon,  carbon  monoxide,  or  hydrogen. 

Pure  metallic  iron  is  silver-white  on  a  fresh  surface,  which  is  very 
permanent  in  dry  air,  but  rapidly  changes,  by  oxidation,  in  moist  air 
containing  carbon  dioxide  or  nitrous  acid  or  sulphur  compounds. 
Its  atomic  weight  is  55*88.  Specific  gravity,  7*80.  ]Meltiiig-point  of 
iron  is  given  by  Pictet  as  IGOO-  C,  by  Camelly  as  1804''  C— both 
<Joubtful.  Varieties  of  iron,  as  cast  iron,  steel,  <V'c.,  melt  at  a  much 
lower  temperature— from  1050°  to  1400°  C.  All  varieties,  wrouglit 
ifon,  cast  irons,  steel,  and  some  alloys  are  eminently  magnetic. 

Iron  unites  with  a  considerable  number  of  other  elements:,  metallic 
Of  non-metallic,  and  its  physical  properties  are  as  a  rule  very  con- 
siderably modified  even  by  the  presence  of  small  amounts  of  the.se 
combining  substances.  Carbon,  silicon,  phosphorus,  oxygen,  and  other 
^-metals  are  in  this  respect  pjirticularly  eftective. 

*  Contaiosalso  ferric  phosphate,  Fe-jPaO^j-SOH.^  to  which  the  blue  colour  of 
"^miaeralisdue. 
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With  metals  proper  but  few  combinations  or  alloys  have  come 
into  common  luie. 

One,  with  zinc  (galvanised  iron),  has  been  mentioned.  A  similai 
one  is  formed  with  tin.  They  are  both  surface  alloys,  and  the 
physical  properties  of  the  iron  are  therefore  little  afft* cted.  Iron  car 
be  melte<l  up  with  silver,  platinum  (and  other  metals  of  the  plat'nun 
group),  nickel,  and  cobalt,  several  compounds  resulting  in  each  case 
the  properties  of  which  would  not  exclude  them  from  being  useful 
although,  for  a  number  of  reasons,  only  one  of  these — iron-nickel— 
has  taken  a  prominent  place. 

With  lead  or  mercury  iron  refuses  to  combine  under  any  condi 
tions,  and  with  copper  only  to  a  very  small  extent,  the  alloy  having 
no  sufficiently  striking  properties  to  recommend  it. 

With  the  non-metals  C,  Si,  Ti,  Vd,  Cr,  Mn,  Mo,  and  W  com 
binatioHH,  or  alloys,  are  formed^  many  of  which  have  become  usefu 
for  special  purposes.  These  alloys  are  generally  termed  steels,  althougl 
that  term  should  be  restricted  to  the  carbon  compounds.  They  ar 
very  different  in  their  phy^ical  properties  from  iron  proper,  althougl 
the  quantities  of  these  "  affecting "  elements  is  in  each  case  ver; 
small — from  less  than  1  per  cent,  to  3  or  4  per  cent.  only.  State 
generally,  the  properties  exhibited  by  the  iron  compounds  of  tb 
above- mimed  non-metals  are  hardness  and  tenacity  (or  toughness)  c 
different  degrees  and  kinds. 

The  non-metals  oxygen,  sulphur,  phosphorus,  and  arsenic,  on  tb 
other  hand,  induce  more  or  less  undesirable  properties,  as  brittlenes 
which  detract  from  the  malleability  or  workableness  of  the  iron  c 
steel,  and  in  some  cases  cause  an  irregular  physical  structure  an 
consecjuent  lowering  of  tensile  strength. 

Metals  are  essentially  crystalline  solids,  but  in  many  the  crysta 
line  structure  is  to  a  great  extent  suppressed  by  the  heat  or  mechanic; 
treatment  they  have  undergone.  Iron  may  be  obtained  in  distiri* 
crystals  by  electrolysis  of  a  solution  of  ferrous  ammonium  sulphat 
but  although  irons  and  steels  show  under  the  microscopic  disticK 
**  structure  *'  it  is  scarcely  correct  to  call  them  crystals.  Iron  present 
some  allotropic  modifications. 

(Jarl)on  easily  combines  with  iron.  The  product  from  the  blast  fui 
luico  may  contain  J5  percent,  or  more,  in  addition  to  other  substances 
rt»finoil  or  cast  iron  about  2  per  cent.,  and  steels  from  1*6  per  cent 
down  tt)  •  10.  In  steels  the  cai-bon  is  undoubtedly  in  the  form  of  fl 
carbiiU^  of  iron  of  the  com2)osition  CFeg,  which  can  unite  with 
iron  at  otM-Uiin  temperatures  to  form  definite  complexes  or  solid 
Holutions.  Steel  with  about  'i)  per  cent,  of  carbon  is  considered  by 
souu»  uuthoritiivs  to  represent  a  definite  substance,  perhaps  CFej4,  to 
which  all  the  peculiar  pi-ojHU-ties  of  steel  are  due.  Steels  with  more 
than  I  pt»r  cent,  carbon  are  spoken  of  as  "  high  "  or  "  hard,"  and  with 
loss  than  'a  as  **  mild,"  **  low,''  or  **  soft  "  steels. 

When  steel  is  melted  and  allowed  to  solidify  and  then  cool  it 
exh  i  bit  s  several  eluvks  or  [muses  in  the  i*ate  or  curve  of  cooling.  The 
toiu|HU'Hturo8  at  which  these  o<H;ur  vary  a  little,  depending  on  the 
eontent  i^f  oarUuK  but  roughly  they  ai*e  about  870**  C.  (A,),  760°  C* 
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(Aj),  and  ()70°C.  (Aj).  These  are  "  critic  il"  temperatures,  at  or 
around  which  molecular  changes  take  place,  lle-it-energy  is  given 
out  at  these  points. 

The  diagram,  copied   from   Osmond,  shows  the  transformation 
periods  of  iron  and,  as  the  microscopic  examination  of  steels  teaches, 
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^Qe  conditions  of  separation  of  iron,  or  fen-ite,  or  of  the  carbide,  C'Fe,, 
^i"  cementite  (see  Fig.  57). 

The  hotizontal  portion  corresponds  to  a  separation  of  tho  two 
^nstituents  in  alternate  layers  as  *•  pearlite."  The  diagiain  f-hows 
^bat  steel  above  BEC  is  a  homogeneous  solid  solution  of  the  car- 
Ne.  During  slow  cooling  either  iron  (ferrite)  or  carbide  (cementite) 
^deposited  as  it  becomes  saturated  with  either  one,  until  a  do 
finite  composition  is  reached.  Allotropic  changes  in  the  iron  at 
different  temperatures  act  similarly  to  solidification  of  a  solution  of 
^salt. 

Steels  cooled  slowly  from  a  certain  high  tenjp?rniture  may  be 
fixtures  of  ferrite  and  pearlite  (see  Figs.  W.).  Oo,  0 1 ,  ^Vl).  pure  pearlite, 
^f  pearlite  and  cementite,  according  as  the  carlx^n  is  inferior,  nearly 
^ual,  or  superior  to thepropcrtion  in  the  ••'eutf^ctic'    Many  impurities 
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or  other  metals  affect  considerably  the  composition  of  the  carbon-ir 
eutectic. 

If  steel  be  rapidly  cooled  or  chilled,  it  becomes  more  or  h 
hardened.  The  changes  that  take  place  in  slow  cooling  are  pi 
vented.  The  carbon  (or  carbide)  retains  the  character  it  had  at 
high  t  empei-ature.  It  is  said  to  be  in  the  *  *  state  of  hardening  carbor 
It  is  just  possible  that  the  iron  whilst  acting  as  a  solvent  for  tl 
carbon  is  to  some  extent  in  an  allotropic  form. 

To  (juote  from  Osmond,  "  if  steel  be  rapidly  chilled  from  son: 
temperature  above  the  curve  BEG  (in  Fig.  57),  ferrite,  pearlit< 
and  cementite  disappear.  Two  cases  are  possible,  according  as  th 
proportion  of  carbon  is  inferior  or  superior  to  that  of  the  eutecti< 
Taking  as  an  example  a  steel  with  about  '4  per  cent,  carbon,  an 
chilling  from  1050°  C.  (M  of  Fig.  57),  an  apparently  homogeneou 
structure  composed  of  needle-like  figures  (Fig.  GO)  results. 

"  It  has  been  called  martinsite.  Usually  the  martinsitic  needle 
become  smaller  and  less  evident  as  the  eutectic  ia  approached,  an 
hardness  at  the  same  time  rises  to  its  maximum.  A  steel  with  mor 
than  1  per  cent,  ciirbon,  chilled  at  1050**  (N  of  Fig.  57),  separates  int 
two  structures.  If  the  chilling  take  place  only  after  cooling  to  belo' 
B  E  C,  but  still  above  A,  (say  G80°),  the  structures  which  have  forme 
during  the  gradual  cooling  from  1050°  to  this  temperature  will  b 
found. 

"  Thus  steel  of  -8  per  cent.  C,  chilledat  720°  C.  (Opoint,  Fig.  57),  wi 
exhibit  ferrite  along  with  martinsite ;  steel  with  1  '24  percent.  0,  chillt 
at  735°  (point  P,  Fig.  57),  will  show  cementite  along  with  martinsit 

*'  Heating  to  temperatures  not  exceeding  A,  (670°,  about)  ai. 
chilling  has  no  effect  on  steels,  the  structures  appearing  to  be  rigid 

Experiments. 

I.  On  heating  in  air,  a  clean  and  bright  surface  of  iron  or  ste 
changes  through  many  colours,  becoming,  finally,  black,  rough,  az 
sometimes  blistered.  Heated  to  full  redness,  black  scales  for 
which  easily  detach  and  become  reddish  when  exposed  to  damp 
when  rubbed.  =  Ye/)^.  Steel  is  a  little  slower  than  iron  in  she* 
ing  these  changes. 

II.  Ordinary  iron  or  steel  placed  in  ordinary  water  rusts  more 
less  rapidly.  Water  containing  COjj  or  H^Oj  acts  most  rapidly, 
the  absence  of  free  00^,  or  any  free  acid  and  HjO,,  or  when  the  wat 
is  made  alkaline,  no  rusting  takes  place.  Steam  passed  over  heat£ 
iron  or  steel  oxidises  the  metal,  rapidly  producing  a  black  or  re 
coating  of  oxide,  depending  on  the  temperature. 

III.  Iron  or  steel  filings  heated  with  sulphur ;  combination  take 
place  readily,  FeS  being  produced. 

IV.  Many  acids  dissolve  iron.  The  hydrogen  given  05"  has  * 
strong  odour  of  hydrocarbons  (of  the  CJl^^^  and  CnH,n — two  series) 
Pure  iron  gives  a  clear,  very  light  green  solution,  from  which  crystal: 
of  FeClg  can  be  obtained.  Cast  irons  and  steels  leave  a  greater  oi 
less  amount  of  black  residue  (carbon  and  graphite). 

HjjSO^,  dilute,  behaves  similarly,  producing  FeSO^. 


Fig.  58.— Steel'peEU life.     (  x  3000. 
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Fia.  59 » — A  mild  tstetil  ( "Hil  [>er  etsnt*  caj-ban),  lieated  for 
two  hours  at  780°  C.  atid  cooled  iiioderattily  t^lowly 
in  mufflti.    {  X  100.} 
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Fia.  60. — The  same  steel  heated  to  1U50''  for  twci 
hours  and  cooled  iu  air.     (  x  100^ 
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Nitric,  moderately  dilute,  acts  violently ;  red  gases  are  evolved, 
Lnd  a  red  or  green  solution  of  ferric  or  ferrous  nitrate  formed,  de- 
)ending  on  amount  and  strength  of  the  acid  used.  With  steels 
;he  solution  is  generally  hrown^  owing  to  the  combined  carbon  being 
icted  upon  and  dissolved. 

Concentrated  sulphuric  and  nitric  acids  have  no  action  on  iron. 
On  diluting  the  acids  an  action  may  start,  but  not  always  with  nitric 
Eicid — the  surface  of  the  metal  may  require  scratching  or  touching 
with  a  more  positive  metal,  as  zinc. 

Y.  Alkalies,  including  ammonia,  have  no  action  either  on  metallic 
iron  or  its  oxides.  Bright  steel  or  iron  is  not  affected  by  any  alkaline 
oxidising  agents. 

The  red  oxide  produced  in  I.  or  II.  ( =  Fe,0,)  dissolves  in  acids, 
giving  red  ferric  salts. 

Dry  Reactions. 

On  heating  the  different  iron  compounds  on  charcoal  before  the 
blowpipe,  they  leave  a  black  magnetic  residue.  When  heated  in  the 
outer  flame  on  a  borax  bead  iron  compounds  impart  a  dark  red 
colour  to  the  borax  whilst  hot,  becoming  light  yellow  when  cold. 
In  the  reducing  flame  they  give  an  olive-green  to  bottle-green  bead. 

The  reactions  with  microcosmic  salts  are  similar  but  less  distinct 
The  presence  of  Co,  Cu,  Ni,  Cr,  conceals  the  colour  of  the  iron  bead. 
Ferric  sulphides  and  arsenides  must  be  roasted  previous  to  being 
introduced  into  the  borax  bead.  When  heated  with  Na^OOg  on 
charcoal,  in  the  reducing  flame,  metallic  iron  is  obtained  as  a  black 
magnetic  powder. 

Reactions  in  Solution. 

Iron  forms  two  series  of  salts — viz.,  ferrous  and  ferric  salts.  The 
metal  dissolves  readily  in  dilute  acids,  such  as  HCl,  H^SO^,  forming 
ferrous  salts,  FeCl,,  FeSO^,  with  evolution  of  hydrogen.  Cold,  very 
dilute  nitric  acid  dissolves  finely  divided  iron  (iron  filings)  without 
evolving  hydrogen  gas,  the  nitric  acid  being  decomposed,  so  as  to 
fonn  ferrous  nitrate  and  ammonium  nitrate  ;  the  reaction  may  be 
expressed  thus  :  4Fe  +  IOHNO3  =  4Fe(N03),  -f  NH.NOg  +  30H,. 

Iron  exists  in  all  these  salts  in  the  dyad  condition,  but  exhibits 
a  marked  tendency  to  pass  into  a  higher  stage.  Exposed  to  the  air, 
solutions  of  FeCl,  and  FeSO^  absorb  oxygen,  and  are  gradually  con- 
verted into  ferric  salts.  The  same  change  is  produced  by  the  action 
of  various  oxidising  agents,  such  as  CI,  Br,  I,  ClNaO,  KCIO3,  and  in 
tbe  presence  of  HCl  by  HNO3,  AgN03,  AuC]3,  K^Mn^Og,  K^CrO,,  and 
others.  Ferrous  compounds  are,  therefore,  powerful  reditci7ig  agents, 
^nd  are  frequently  employed  as  such. 

A.  Ferroits  compounds,* — Either  the  sulphate  or  chloride  may  be 

*  Ferrous  sulphate  forms  a  number  of  so-called  double  sulphates  with  the 
*lkali  metal  sulphates  and  ammonium  sulphate.  FeS04(NH4)2S04,6HoO  is 
ttuch  used  in  volumetric  work,  as  it  is  easily  obtained  very  pure,  and  contains 
^ost  ezaetly  one-seventh  of  its  weight  of  iron. 
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used  fi)r  reactions.     Ferrous  saltis  are  mostly  green  when  hyd rated 
and  white  when  anhydrous. 

(NHJjS  (group  reagent)  gives  a  bUick  precipitate  of  ferrous 
sulphide,  FeS,  almost  insohible  in  alkalies  and  alkali  sulphides^  easily 
decomposed  and  dissolved  by  dilute  hydrochloric  acid,  with  evolution 
of  sulphuretted  hydrogen.  The  moist  precipitate  absorbs  oxygen 
from  the  air,  and  is  rapidly  converted  into  ferrous  sulphate,  and 
lastly  into  yellow  basic  feriic  sulphate,  with  evolution  of  much  heat. 
(This  oxidation  constitutes  a  frequent  cause  of  the  spontaneous  in- 
flammation of  pyritical  coal  (which  contains  sulphides  of  iron)  in  mines 
and  on  board  vessels.) 

SHj  does  not  precipitate  neutral  or  acid  solutions  of  ferrous  salts ; 
ferrous  acetate  even  is  only  partially  precipitated. 

Alkali  hydroxides  and  ammonia,  also  CaH,0,  and  BaHgO^,  pre- 
cipitate from  ferrous  salts  (free  from  ferric  salts)  white  ferrous 
hydroxide,  Fe(HO)j,  which  turns  rapidly  to  a  dirty  green  colour,  and 
ultimately  becomes  reddish-brown,  owing  to  absorption  of  oxygen 
from  the  atmosphere.  Ammonium  salts  partially  prevent  the  pre- 
cipitation by  the  fixed  alkalies,  and  ammonium  hydroxide  gives  but  a 
slight  precipitate  in  a  ferrous  solution,  containing  a  considerable 
amount  of  ammonium  chloride.  The  presence  of  non-volatile 
organic  acids,  of  sugar,  itc,  also  prevents  the*  precipitation  more 
or  less. 

Soluble  carbonates  precipitate  white  ferrous  carbonate,  FeCOj^, 
which  becomes  rapidly  oxidised  when  exposed  to  air. 

K^Fe(CN)g  (potassium  ferrocyanide)  produces  by  the  replacement 
of  Kj,  by  Fe  a  bluish- white  precipitate  of  potassium  ferrous  ferro- 
cyanide, K^Fe"Fe(CN)g,  thus : 

FeSO,  +  K,Fe(CN)e  =  K;'Fe(CN)5  +  K,SO„ 
Bluish-white 
precipitate.* 

insoluble  in  dilute  hydrochloric  acid.  The  light  blue  precipitate  is 
rapidly  converted  into  a  dark  blue  precipitate,  or  Prussian  blue,  either 
by  exposure  to  the  air,  or  more  speedily  by  an  oxidising  agent  (in 
solution),  thus : 

4K,Fe"Fe(CN)e  +  2CJ,  =  FeXFe{C^\\  +  4KCI  +  K,Fe(ON)e. 

Prussian 
blue.* 

KgFe2(CN),2 1  (potassium  ferricyanide)  produces  a  dark  blue  precipi- 
tate of  ferrous  ferricyanide,  Fe3Fej,(CN),3  (Turnbull's  blue),  insoluble 
in  hydrochloric  acid,  thus : 

3FeS0,  +  KgFe,Cy,3  =  ¥e\'Fe'\Cy,,  +  3K,S0,. 
Turnbull's  blue.* 

NaHO  or  KHO  decomposes  both  precipitates  with  formation  ^^ 

*  These  precipitates  cannot  form,  therefore,  in  an  alkaline  solution, 
t  This  may  be  written  KpFeCjg. 
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Roluble  alkali  ferro-  and  ferri-cyanides,  and  separation  of  ferrouf?  and 
ferric  hydroxides,  thus : 

(1)  K^Fe'TeOyg     +     SJKHO    =     K^FeCy^      +     Fe(HO), : 

(2)  Fe,(FeCy^3       +  12NaH0  =  3Na,FeOy«     +2Fe.(H0),; 

(3)  Fe'"3Fe'",Cy„   +     GNaHO  =»     Nsi.Vefiy,,  +  3Fe(H0),. 

N.B. — Cy  is  the  abbreviation  for  (CN),  the  cyanogen  radical. 
The  molecule  of  cyanogen  is  C,N,. 

NH^SCN  (ammonium  sulphocyanate)  gives  no  coloration,  if  the 
ferrous  solution  contain  no  ferric  salt,  but  the  test  is  very  delicate, 
and  most  generally  sufficient  ferric  salt  is  present  to  give  a  faint 
red  coloration. 

B.  Ferric  compomida. — A  solution  of  ferric  chloride,  Fe,CIg,*  may 
be  used. 

(NH^)^  (group  reagent)  produces  a  black  precipitate  of  ferrous 
sulphide,  FeS,  mixed  with  eulphv/r^  thus  : 

Fe^Clg  +  3(NH,),S  =  2FeS  +  S  +  6NH,C1. 

Dilate  solutions  of  iron  ^:ve  only  a  greenish  coloration. 

On  dissolving  the  black  precipitate  in  dilute  hydrochloric  acid, 
sulphuretted  hydrogen  is  evolved,  and  white  insoluble  sulphur  is 
left.  (Distinction  between  ferrous  and  ferric  salts.)  Ferric  sulphide 
cannot  be  formed  in  the  wet  way ;  native  sulphides  exist,  however — 
viz.,  FeS,  and  Fe^, — which  are  insoluble  in  dilute  hydrochloric  acid, 
but  dissolve  with  evolution  of  SH,  when  in  contact  with  metallic 
zinc. 

SH,  does  not  precipitate  Fe^Clg ;  its  hydrogen  acts  as  a  reducing 
agent  upon  the  ferric  salt,  converting  it  into  2FeCl,  and  2HC1,  white 
sulphur  being  precipitated,  which  renders  the  solution  of  the  ferrous 
salt  milhy. 

Alkali  hydroxides  and  ammonia,  also  calcium  or  barium 
hydroxides,  precipitate  the  reddish  brown  Fej,03,20H2,  insoluble  in 
excess  and  in  ammonium  salts  (excepting  the  carbonate).  Non- 
volatile organic  bodies  {e.g.,  tartaric  or  citric  acid,  sugar,  &c.)  prevent 
its  precipitation  by  ammonium  hydroxide,  but  not  by  ammonium 
Rolphide.  The  precipitate  retains  with  great  tenacity  small  portions 
of  the  fixed  alkalies. 

Na^COj  and  K,COj  produce  the  same  precipitate  with  evolution 
of  carbon  dioxide. 

Hydrogen  disodium  phosphate  produces  a  yellowish-white,  floccu- 
lent,  gelatinous  precipitate  of  ferric  phosphate,  Ye.^Vfi^  +  4011.,.  The 
precipitation  is  complete  only  in  the  presence  of  an  alkali  acetate, 
thus: 

Fe.Cl,  +  2Na.HP0,  +  2CH3CO,Na  =  Fe.P.O,  +  GNaCl  + 
^  "   '  2CH3CO,H. 

•  This  formula,  FegCIe,  may  be  considered  fts  "convenient,"  and  is  retained 
[or  that  reason  only.  FeCIj  is,  no  doubt,  the  real  constitutional  formula,  n-s 
intlicated  by  the  vaponr  density  of  the  anhydrous  salt. 
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On  the  addition  of  the  first  few  drops  of  hydrogen  disodin 
pho«|ihate,  and  as  long  as  the  ferric  salt  in  Ifirgelj  in  excess, 
precipitate  may  diiijippear  again,  especially  on  gently  warming,, 
since  it  ifi  somewhat  soluble  in  ferric  acetate.  When  the  preeipita-^ 
tion  m  nearly  complete,  the  ferric  phosphate  separate®  more 
speedily,  especially  on  stirring  and  gently  heating,  and  allowing 
to  subside  after  each  addition  of  the  phosphate  sohition.  The  pre-; 
cipitated  ferric  phosphate  should  be  filtered  hot,  and  washed  b; 
decantation  with  hot  water»  It  is  soluble  in  dilute  mineral  acii" 
— hence  the  addition  of  an  alkali  acetate  ;  insoluble  in  acetic  add 
(like  the  corresponding  chromic  *  and  aluminic  phosphates). 

Phosphates  of  the  metals  Ba,  Sr,  Ca,  Mg,  which  are  readily 
soluble  in  acetic  acid,  may  thus  he  separated  by  filtration  from  the 
phosphates  of  F©*'',  Al'""  (and  Cr^''),  Owing  to  this  property  of  ferric 
phosphate,  it  is  also  possible  to  decompose  alkaline  earthy  phosphates 
in  a  solution  containing  an  excess  of  sodium  acetatOj  by  oddingj  drop 
by  drop,  a  neutral  solution  of  ferric  chloride,  according  to  the  equa- 
tion :  J 

2l?aHP0,  +  L>CH,CO,Na  +  Fe,01,  =.  Fe,P,0,  +  2BaCl,  + 

2NaCl  +  SCHaCO.H. 

The  ferric  chloride  must  be  added  as  long  as  a  yellowish  white  pre- 
cipitate comes  down^  and  till  the  supernatant  liquid  becomes  just 
red,  from  the  formation  of  ferric  acetate. 

Ferric  phosphate  dissolves  in  excess  of  hydrogen  disodium  phos- 
phate, in  the  presence  of  ammonium  hydroxide  or  carbonate,  to  a 
brownish  red  solution.  It  is  somewhat  soluble  in  ferric,  but  not  in 
ferrous,  acetate-  Ammonium  hydroxide  reduces  it  to  a  basic  phos- 
phate. Potassium  or  sodium  hydroxide  removes  nearly  the  whole  of 
the  acid.  Fusion  with  caustic  fixed  alkalies,  or  with  fusion  mixture, 
or  boiling  with  emmonium  sulphide,  decomposes  ferric  phosphate 
completely,  leaving  the  iran  as  oxide  or  sulphide,  from  which  the 
soluble  alkidi  phosphate  cun  be  separated  readily  by  filtration. 

Citric  or  tartaric  acid  prevents  the  precipitation  of  ferric  phos- 
phate from  solutions. 

K^FeC^g  gives  a  fine  blue  precipitatOj  Fe^(FeCy^-)3t  known  as 
Prussian  blue,  thus:  2Fe/JI,  +  3K^FeCy,  =  Fe,{FeOyJ3  +  li^KCl. 
Insoluble  in  hydrochloric  acid  j  decomposed  by  KHO  or  NailO ; 
soluble  in  oxalic  acid  and  also  in  excess  of  K^FeCy^,  to  a  blue 
Bolution, 

K^  ^efiy^^  produces  no  precipitate,  but  the  yellow  colour  of  the 
ferric  solution  changes  to  reddish  brown.  (Distinction  between 
ferrous  and  ferric  salts.) 

KH^SCN  (ammonium  sulphocyanate)  gives  a  dark  red  or  blood- 
red  colour,  even  in  the  case  of  very  dilute  solutions,  which  is  not 
destroyed  by  hydrochloric  acid.  The  sensitiveness  of  the  reaction  is 
heightened  by  shaking  a  hydrochloric  acid  solutioUj  to  wbicli 

*  Chromic  phosphate,  eapr*cially  when  freshly  precipitated,  is  dissolveii^, 
althoui^h  with  some  dLfficulfcy,  in  acetic  acid,  especiatlj  on  heating. 
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sulphocyanate  has  been  added,  with  ether.  The  blood-red  ferric 
sulphocyanate,  Fe,(SCy)g,  being  soluble  in  ether,  becomes  thus  con- 
centrated into  a  small  bulk  of  liquid.  Very  small  amounts  of  iron 
can  be  detected  by  this  means.  The  colour  of  the  liquid  is  readily 
destroyed  by  a  solution  of  mercuric  chloride  (also  by  tartaric  or 
phosphoric  acid).     (Distinction  of  Fe"  from  Fe^^.) 

Excess  of  sodium  acetate,  added  to  a  solution  of  ferric  salt,  pro- 
duces a  deep  red  coloured  liquid,  owing  to  the  formation  of  ferric 
acetate.  On  diluting  and  boiling,  the  whole  of  the  iron  is  precipi- 
tated as  basic  ferric  acetate  in  the  form  of  brownish  yellow  flakes, 
which  should  be  filtered  hot  and  as  quickly  as  possible  when  the 
fluid  has  become  clear.     (Method  of  separating  Fe^^  from  Mn'^.) 

Ammonium  succinate  or  benzoate  precipitates  ferric,  but  not 
ferrous,  salts,  as  ferric  succinate  or  benzoate.*  The  ferric  solution 
should  be  perfectly  neutral.  Salts  of  Mn,  Co,  Ni,  Zn  are  not 
precipitated.  (Method  of  separation  of  Fe^^  from  Fe",  Mn,  Ni, 
Co,  Zn.) 

Freshly  precipitated  and  well  washed  barium  or  calcium  car- 
bonate, suspended  in  water,  precipitates  ferric  (not  ferrous)  chloride, 
as  ferric  hydroxide,  Fe,(H0)5,  mixed  with  basic  salt,  with  evolution 
of  carbonic  dioxide.  The  reagent  is  added  to  the  neutral  ferric  salt 
in  the  cold,  and  well  shaken  up  with  it  till  the  reddish  brown 
precipitate  acquires  a  whitish  appearance,  from  excess  of  the  earthy 
carbonate. 

Barium  carbonate  separates  in  like  manner  the  higher  or  -ic 
chlorides  of  this  group  from  the  lower  or  -ous  chlorides.     In  order 
to  separate  ferric  from  ferrous  compounds,  or  ferric,  chromic,  and 
aluminic  compounds  from  ferrous,  zinc,  manganous,  cobaltous,  and 
nickelous  salts,  it  is  necessary  that  these  metals  should  all  be  obtained 
in  the  form  of  chlorides.     On  the  addition  of  barium  carbonate,  the 
respective  hydroxides,  mixed  with  basic  salts,  are  precipitated  from 
the  ferric,  chromic  and  aluminic  chlorides,  whilst  ferrous  chloride 
and  the  chlorides  of  Zn,  Mn,  Ni,  and  Co  are  not  aflected.     Air  has 
to  be  excluded  as  carefully  as  possible,  in  order  to  prevent  the  oxida- 
tion of  the  ferrous,  manganous,  and  cobaltous  hydrates  during  the 
operation.     The  reaction  should  be  performed  in  a  small  flask,  filled 
nearly  to  the  neck  with  the  liquid,  and  kept  well  corked,  after  the 
evolution  of  the  carbon    dioxide  has  ceased.     The    addition   of 
ammonium  chloride,  previous  to  the  precipitation  with  barium  car- 
bonate, almost  entirely  prevents  any  cobaltous  or  nickelous  hydrates 
from  falling  out  with  the  barium  carbonate  precipitate.     (Method  for 
separating  Fe^^  (also  Al  and  Cr)  from  Fe",  Zn",  Mn",  Ni",  and  Co".) 
The  precipitate  is  filtered  off,  and  dissolved  in  hydrochloric  acid, 
the  barium  removed  by  means  of  dilute  sulphuric  acid,  and  the  Fe, 
Or,  and  Al  precipitated  by  ammonium  hydroxide. 

Tannic  as  well  as  gallic  acid  (tincture  of  nut-galls)  produces  from 
neutral  ferric  salts  a  bluish  black  precipitate  (ink),  readily  soluble  with 
decomposition  in  adds. 

*  The  formulffi  of  these  compounds  will  be  explained  under  the  respective 
acids. 
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On  the  addition  of  the  first  few  drops  of  hydrogen  disodium 
phosphate,  and  as  long  as  the  ferric  salt  is  largely  in  excess,  the 
precipitate  may  disappear  again,  especially  on  gently  warming, 
since  it  is  s<Mne'what  s<dnhle  in  ferric  acetate.  When  the  precipita- 
tion is  nearly  complete,  the  ferric  phosphate  separates  more 
speedily,  especiaUy  on  sdrring  and  gently  heatlog,  and  allowing 
to  snb^de  after  each  addition  of  the  phosphate  solution.  The  pre- 
cipitated ferric  phosphate  should  be  filtered  hot,  and  washed  by 
decantation  with  hot  water.  It  is  soluble  in  dilute  mineral  acids 
— ^hence  the  addition  of  an  alkali  acetate ;  insoluble  in  acetic  add. 
(like  the  corresponding  chromic  *  and  aluminic  phosphates). 

Phosphates  of  the  metals  Ba,  Sr,  Ca,  Mg,  which  are  readilj^ 

soluble  in  acetic  acid,  may  thus  be  separated  by  filtration  from  th^^^e 
phosphates  of  Fe"",  Al*^  (and  Cr*^).  Owing  to  this  property  of  ferrii^^^ic 
phosphate,  it  is  also  possible  to  decompose  alkaline  earthy  phosphate  ^^^s 
in  a  solution  containing  an  excess  of  sodium  acetate,  by  adding,  dro^^czop 
by  drop,  a  neutral  solution  of  ferric  chloride,  according  to  the  equs^^^^a- 
tion: 

2BaHP0,  +  SCHjCOjNa  +  Fe,Cl.  -  Fe,P,03  +  2BaCl,  + 

2NaCl  +  2CH3CO, 

The  ferric  chloride  must  be  added  as  long  as  a  yellowish  white  pi    

cipitate  comes  down,  and  till  the  supernatant  liquid  becomes  jwLz^ 
red,  from  the  formation  of  ferric  acetate. 

Ferric  phosphate  dissolves  in  excess  of  hydrogen  disodium  pl^c;)^^ 
phate,  in  tiie  presence  of  ammonium  hydroxide  or  carbonate,  t<>  ^ 
brownish  red  solution.     It  is  somewhat  soluble  in  ferric,  but  not  ia 
ferrous,  acetate.     Ammonium  hydroxide  reduces  it  to  a  basic  pbos- 
phate.     Potassium  or  sodium  hydroxide  removes  nearly  the  whole  of 
the  acid.     Fusion  with  caustic  fixed  alkalies,  or  with  fusion  mixture, 
or  boiling  with  ammonium  sulphide,  decomposes  ferric  phosphate 
completely,  leaving  the  iron  as  oxide  or  sulphide,  from  '^hich  the 
soluble  alkali  phosphate  can  be  separated  readily  by  filtration.    ^^ 

Citric  or  tartaric  acid  prevents  the  precipitation  of  f^fr**^  pb»- 
phate  from  solutions. 


Insoluble  in  hydrochloric  acid;  decomposed   \wj^^^0  *^^ 
soluble  in  oxalic  acid  and  also  in  excess  o^  ^  ^di^*^  ^ 


K^FeCye  gives  a  fine  blue  precipitate,  Fe  C^^^\,.  ^^  v»Kav 
Prussian  blue,  thus:  2Fe,Cl,  +  3K,FeCy,  =  ^^4^.^^^^"^  V^^^ 

solution.  ^       ^^^^'  ^ 

KgFejCyia  produces  no  precipitate, '      ,    v.>^  .m  cd^*^^ 

ferric  solution   changes  to  reddish  ^^^^-^^^  .jj^^^j^^ 

ferrous  and  ferric  salts.) 

NH^SCN  (ammonium  sulpb 

red  colour,  even  in  the  case  0^ 

destroyed  by  hydrochloric  ad'' 

heightened  by  shaking  a  I 

*  Chromic  phosphate,  • 
although  with  some  diffioq.' 
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Ferric  8iilt«  can  act  as  oxiJkiug  agents  in  some  Ciises.  Thus 
KLilphuroua  ucidj  H^SO^,  ia  converted  into  H^SO^ ;  KI  gives  oH'  iodiDe ; 
8n 'Clj  ia  converted  into  Hn'^'CI^ ;  Na^S^O^  (sodium  thiosiilphate)  k 
oxidised  to  HNaSO^,  It  is  generally  necesi^ary  for  an  iicid  to  be 
present.  Iron,  74nc,  or  magnefiauni  readily  i educe  ferric  to  ferrous 
salts.     Magnesium  reduces  it  on  to  the  metallic  Estate  fi'om  ferrout^j 

C\  Ferric  anhydride,  FeO^»  or  ferric  acid,  H^FeO^,  containing 
hexad  ii'on,  Las  never  been  obtiiined  in  an  uncombined  *.tate.  The 
alkali  splits  only  are  known^  and  are  obtained  by  fusing  feme  oxide 
with  nitre  or  with  fjotasisium  peroxide*  Feri'a.tes  are  decom ponied 
far  more  i*eadily  than  maDganates* 

CHROMIUMi  Cr",  ^%  and  ^l  Atomic  weight  =  5245 ;  spediic 
giavitVj  lv5U.  Its  melting-point  is  not  known  with  certainty,  but  is 
higher  than  that  of  platinum. — Thiii  mettd  ia  Ui^ed  as  an  alloy 
with  iron.  It  is  i|uito  easily  obtained  in  a  compact  state  by  the 
reaction  betw^een  aln minium  powder  and  Cr^l'),,  The  tempenitnre 
produced  Is  very  high,  and  the  prodot:t  is  melted  chromium.  It  is 
very  hartl  and  crystalline,  Chi*ome  ijteel  may  bo  made  by  heating  to 
a  very  high  temperature  chrome  ii'on  ore  and  cast  iron  withexcej>s  of 
carbon-  As  obtained  by  reduction  of  the  chloiide,  Crj^Cle,  with  sodium 
or  magnesium,  metallic  chromium  is  crystal  I  ine^  and  about  the  colour 
of  ii'on,  but  is  not  so  dense  or  hard  us  that  obtained  by  the  aluminium 
process.  It  ^^csiiicely  oxidises  in  air,  and  dissolves  but  slowly  in  acids. 
Fused  with  an  idkali  nitiiite  or  hydroxide,  the  metal  oxidises,  fornung 
a  chromato.  This  element  is  not  very  widely  distiibutcd*  It  occurs 
in  nature  chiefly  as  chrome  iron  ore,  Cr303FeU,  and  ciocoisile,  PbCiO^. 
Chromic  oxide  tonfititutes  the  oolouring-matter  in  luby,  green  ^et^ 
pontine,  <fec.     Many  of  its  compounds  are  employed  as  coloiu'S, 

Experiments  on  Chrome  Steeh 

I.  Acids  dissolve  it  very  slowly.     The  more  Cr  the  slower  th 
action*     Strong  nitric  is  the  best  solvent.     On  evaporating  to  diyness 
in  a  small  dish,  adding  a  little  (solid)  KI^O^,  and  fusing^  a  mai^is  con- 
sisting of  F^e^iJ^  and  K^CrO^  is  left.     Water  dissolves  the  K^CrO^j 
giving  a  yellow  solution. 

II.  Ferro-chrome  or  other  alloy  will  also  give  Kj^CrO^,  on  direct 
fusion  with  KNO^;  better  with  ]S'a/X  and  KNO^, 

[Most  compounds  are  made  from  chrome  iron  ore,  FeCrO^,  by 
fusioii  with  alkalies  and  decomposition  of  tlie  alkali  chroniate  formed.] 

III.  Chromium  oxide,  Cr^g,  heated  alone^  does  not  change. 
Acids  dissolve  it,  forming  green  salts.  The  sulphate,  Cr^iS^O^,  ia  a 
purple-green  crystalline  substance. 

The  oxide  scarcely  changes  on  heating  with  sulphur. 
Ammonia  has  no  action  on  it,  but  strong  ^^a  110  solution  dissolves 
the  precipitated  oxide.     After  intense  ignition  the  oxide  is  almost 
unailbcted  by  acids.     All  alkalies  and  alkali  carbonates,  also  CaO,  giv@ 
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chromates  on  fusion  with  the  oxide ;  they  are  yellow,  crystalline,  and 
soluble. 

Dry  Reactions. 

Chromium  compounds  are  readily  recognised  by  the  very  charac- 
teristic green  colour  which  the  oxide  imparts  to  borax  and  micio- 
cosmic  salt,  especially  in   the  reducing   flame.     Finely  powdered 
chrome  iron  ore,  or  other  very  insoluble  and  difficultly  decomposable 
chromium  compounds,  fused  for  a  few  minutes  in  a  platinum  spoon 
or  crucible  with  four  times  its  weight  of  hydrogen  potassium  sul- 
phate, and  then  again  with  the  addition  of  an  equal  bulk  of  nitre  and 
potassium  carbonate,  yields  a  yellow  mass  of  potassium  chrom ate, 
KjCrO^,  which  is  soluble  in  water  to  a  yellow  solution.     If  man- 
ganese were  present,  the  solution  would  be  green,  owing  to  the 
formation  of  potassium   manganate.      This   latter  can  be  readily 
removed  by  adding  a  few  drops  of  alcohol  to  the  solution,  heating, 
and  Altering  off  the  manganic  hydroxide.     The  chromate  remains 
anchanged  in  the  alkaline  solution. 

Reactions  in  Solution. 

Chromic  salts  can  be  prepared  from  the  yellow  K^CrO^,  or  the 
red  potassium  dichromate,  Kfirfij,  by  heating  with  strong  hydro- 
chloric acid  and  adding  alcohol,  when  the  yellow  solution  changes  to 
a  deep  green  solution  of  CrgClg.* 

Chromium  is  capable  of  forming  at  least  three  series  of  com- 
pounds— 


DOS  componndB. 
Cr"Cl,. 

Chromic  compounds, 
'Cr'",Cl6. 

Chromates 
K.CrO,. 

Cr"0. 

'Cr'",03. 

PbCrO,. 

Cr'XHO),. 

'Cr'",(HO)e. 
&c. 

&c., 

of  which  the  two  latter  are  best  known. 

A.  Chromic  Compounds, — The  sulphate  or  double  sulphate  with 
K  or  Na  (CrAlum),  chloride,  nitrate,  or  acetate,  are  soluble  and  easily 
obtamed  salts. 

(NIIJ^  (group  reagent)  precipitates  bluish  green  chromic 
Mroxide,  Cr,(HO)e,  insoluble  in  excess. 

^H^OH  precipitates  the  same,  somewhat  soluble  in  excess,  the 
fluid  acquiring  a  pink  tint.  This  is  probably  due  to  a  chrome- 
*Oimonium  compound  produced  by  oxidation.  On  boiling  fir  a  few 
^utes  the  precipitation  is  generally  complete. 

KHO  or  NaHO,  same  precipitate,  readily  soluble  in  excess  cf  the 
^Id  reagent  lo  a  green  solution;  reprecipitated  by  long-contii.i  cd 
eoiling,  or  on  adding  NH^Cl,  whereby  the  fixed  alkali  is  removed  n-5 
KOl  or  NaCl,  with  liberation  of  ammonia. 

Na^COj  or  K,COj  gives  a  greenish  precipitate  of  basic  carboi  nto 
(varying  in  composition),  somewhat  soluble  in  excess. 

♦  This  is  mott  probably  CrCl.;. 
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HNajjPO^  (hydrogen  disodium  phosphate)  pi-ecipitates  grcGg — ^n 
chromic  phosphate,  CrgP^Og,  soluble  in  mineral  acids,  difficult^tTjy 
soluble  in  acetic  acid. 

Barium  carbonate  precipitates  a  basic  carbonate.  The  precipit^:-,c3a- 
tion  takes  place  cold,  but  is  completed  only  after  long  digestion — t^^  h^^^q 
or  three  days. 

In  the  presence  of  citric,  tartaric,  and  oxalic  acid,  and  also  of 

sugar,  the  precipitation  of  chromic  salts  by  means  of  ammoniu^c^   ^^ 
sodium,  or  barium  carbonate  is  more  or  less  incomplete. 

Chromic  compounds  may  be  recognised  also  by  converting  t~.*i^::3]je 
chromic  oxide  into  chromic  acid.    This  may  be  accomplished — 

1st.  By  boiling  a  solution  of  Cr,Clg  with  PbO,  and   KHO  or 

NaHO.     The  reaction  which  takes  place,  and  which  is  indicated  by 

a  change  of  colour  (from  green  to  yellow)  may  be  expressed  thus~-^ 

(1)  Cr^Clg  +  6KH0  =  Cr,(HO)g  +  6KC1 ; 

Soluble  in 
excess  of  KHO. 

(2)  Cr,(HO)e  +  3PbO,  =  2PbCrO,  +  PbO  +  30H,. 

Also  soluble    Soluble 
in  KHO.     in  KHO. 

On  acidulating  the  solution  with  acetic  acid  a  precipitate  of  lea^ 
chromate,  PbCrO^,  is  obtained. 

2nd.  By  boiling  a  solution  of  Cr^Clg  with  NaHO  and  sodiur:*^ 
hypochlorite,  ClNaO,  or  bleaching  powder,  CaOCl,,  thus: 

Cr,(HO)g  +  3ClNaO  +  4NaH0  =  2Na,CrO,  +  SNaCl  +  50H,. 

Yellow  sodium 
chromate. 

3rd.  By  fusion  with  alkali  carbonates  and  nitre  on  platinuic::::^ 
foil. 

B.  Chromium  trioxide,  CrOg,  combines  with  water  to  tanC^^ 
chromic  acid,  H^OrO^.  This  forms  with  monad  metals  two  classe^^^ 
of  salts,  the  normal  or  yellow  chromates,  viz.,  e.g.,  K,CrO^,  and  th^^^ 
dichromates,  e.g.,  K^Cr^Oy,  isomorphous  with  llie  corresponding^ 
sulphates  and  disulphates.  A  solution  of  the  neutral  potassiuic^^ 
chromate  is  changed  to  an  orange-red  (acid)  dichromate  solution  oi:^^ 
the  addition  of  an  acid,  thus  : 

2K,OrO,  +  2HC1  =  K^Crfi,  +  2KG[  +  OH,. 

Conversely,  the  dichromate  is  transformed  into  a  chromate  on  th^^ 
addition  of  an  alkali,  thus : 

2K,Cr,0y  +  2KH0  =  2K,CrO,  +  OH,. 

Trichromates,  and  even  higher  stages  of  oxidation,  are  also  know*:*  f 
and  may  be  obtained  by  treating  an  alkali,  or  other  chromate,  wifc^*      i 
nitric  acid,  which  removes  some  of  the  positive  metal.     They  are  le^^     / 
soluble  than  the  normal  alkali  salts,  more  intensely  coloured,  a»^ 
generally  crystallise  well,  / 
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(Chromic  anhydride  may  be  prepared  Ly  slowly  adding  to  a  cold 
saturated  solution  of  theredpotatisiium  dichromate  J|  timea  its  bulk 
of   concentrated  sulphuric  acid*     As  the  liquid  cools  down,  C1O3 

»  crystallises  out  in  brilliaut  crimaon-red  prisms,  Tiie  mother- liquor 
is  poured  oW,  and  the  crystals  placed  to  drain  upon  n  porous  tile  or 
slab  of  unglazed  porcelain  (biscuit  ware),  or  in  a  funnel  which  has 
be6n  lightly  plugged  with  asbestos.     They  must  be  protected  from 

»    moist  air,  us  the  substance  is  extremely  hygroscopic. 
Chromic  anhydride  is  a  very  powerful  oxidising  agent.     Four 
molecules  of  CrOj  yield   upon   ignition   cln-omic   oxide  and  three 
xnolecules  of  oxygen,  according  to  the  equation  4CrOj=  2CrjO^+  ^0^* 


) 


Heaetfons  of  CrO;^  based  upan  its  Oxidising  Aetion< 

A  Bolotion  of  potassium  dichromate,  K^Cr^Oj,,  will  show  these, 
^H^,  in  the  presence  of  free  hydrochloric  acid^  reduces  the  oiunge- 
t^ed  eolntion  to  a  green  liquid,  sulphur  beiug  precipitated,  thus: 


K%0r,O,  +  8HC1  +  SHB,  =  Cr,ai„  +  ^KCi  +  70II,  +  S,. 


I  A  little  HjfSOj  is  generally  formed. 

(NH^)jjSj  added  in  excess  to  a  solution  of  an  alkali  chromate  or 
^iichromate,  precipitates  dirty  gi^een  bydrated  chromic  ehi-omate.  On 
li-> oiling^  the  whole  of  the  chromium  separates  m  green  chromium 
tfcj'di oxide  thus : 

K,Orp,  +  3(NH  J,S  +  70H,  -  Cr^(HO),  +  S,  +  2XH0  +  GNEpH. 

The  action  is  much  more  complex  than  here  given,  some  of  the  S 
l>ecotning  oxidised  to  80^,  which  combines  with  the  ammonia,  forming 
(,^'H  J^80^»  The  amount  of  H  oxidised  is  genei-ally  about  a  third  of 
that  represented  as  liberated  in  the  above  equation.  On  heating, 
^H^  escapes,  sulphide  and  sulphate  of  potassium  being  left  in  solu- 
tion, 

80a  orHjSOj,  in  the  pi*esence  of|a  little  free  acidj  reduces  potas- 
Biiiin  dichi'omate  to  chi'omic  sulphate^  thus  : 

K,Or,0,  +  3n,S0,  +  HjSO^  =  OT,{mX  +  i^,^0,  +  40H,. 

Chromic  sulphate  and  pol^assium  sulphate  constitute  potassium 
«ti*om-alum,  K,Cn(SOJ^. 

Oxalic  acid,  in  the  presence  of  free  acid  (dilute  sulphuric), 
P^Otluces  the  same  I'eductiou,  carbon  dioxide  being  evolved.  fSix 
^^1  ecu  lea  of  CO^j^  or  three  of  oxalic  add,  are  the  measure  for  one 
molecule  of  potassium  dichromate. 


3£,Cr,0^  +  3H,aO^  +  4H^,S0,  =  K,C3r,{S0,X  +  600,  +  70H,. 

Hot  conc€ntrated  sulpliuric  acid  decomposes  the  dichromate,  v 
olutieu  of  oxygen  and  formation  of  potassium  cbrom-alum,  tbu 

2X,Cr,0,  ■¥  8H,S0,  -  2K,0i-,(ES0,),  +  8H,U  +  f»0,. 


•i 
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HCI  (concenti-jtted)  evolves  chlorine,  and  the  hydrogen  comb 
with  the  three  available  atoms  of  oxygen  in  the  dichromate  thus 

K,Cr,0.  +  UHCl  =  Cr.CI,  +  2KCI  +  70H,  +  3CJ,. 

HjAsOj,  arsenious  acid  (in  a  hydrochloric  acid  solution),  is  c 
verted  into  HjAsO^,  thus  : 

K,Cr,0.  +  3H3ASO3  4  8HC1  =  Cr,Clg  +  2KC1  +  SHjAsO,  +  40 

SnCJ,,  SbCl,,  FeCl,,  Zn  (Fe,  Sn,  «fec.),  in  the  presence  of  dilute  E 
also  reduce  chromates  or  dichromates.  The  re<luction  is  quite  ea 
effected  by  most  organic  substances,  such  as  alcohol,  in  the  presence 
IICJ,  iu  which  cajse  the  alcohol  is  oxidised  to  aldehyde,  acetic  etl 
and  other  pro<lucts.  K,Cr,Oy  is  much  used  for  this  kind  of  oxidati 
both  in  the  laboi-atory  and  on  a  manufacturing  scale. 

Reactions  for  CrOs  ppodueed  by  Double  Deeomposition. 

Chromates  of  K,  Na,  Li,  Cs,  Rb,  NH^  (Ca,  Sr),  Mg  are  fai 
soluble  in  water.  Others  are  much  less  soluble,  none  are  absolut 
insoluble,  and  all  chromates  dissolve  readily  in  dilute  nitric  acid. 

BaCljj,  added  to  a  solution  of  a  normal  chi ornate  (or  dichromat 
gives  a  light  lemon-yellow  precipitate  of  barium  cbromate,  BaCi 
even  in  very  dilute  solutions,  as  it  is  very  insoluble  in  water,  also 
acetic  acid,  soluble  in  dilute  nitric  or  hydrochloric  acid,  and  preci 
tated  again  by  ammonia  solution. 

'Ph{(J^ll^O^\j  (lead  acetate)  gives  a  fine  lemon-yellow  precipitate 
lead  chromate,  PbCrO^,  soluble  in  KHO,  sparingly  soluble  in  dili 
nitric,  insoluble  in  acetic  acid.  The  neutral  salt  is  converted  uf 
digestion  with  alkalis  into  a  basic  red  chromate,  PbCrO^jPbO. 

AgNOg  (silver  nitrate)  gives  a  daik  purple-red  precipitate 
silver  chromate,  AgjjCrO^,  soluble  in  nitric  acid  and  ammonii 
hydroxide.  From  weak  acid  solutions  silver  dichromate,  Ag^Cr^O, 
precipitated. 

Hgj,(N03)^  (mercurous  nitrate)  gives  a  dark  brick  red  ba 
precipitate  of  Hg^CrO^jHgjjO,  corresponding  to  the  lead-salt,  whi 
on  ignition  is  converted  into  oxygeh,  mercury  vapour,  and  fiiH 
divided  green,  Cr^Og.  (Method  of  separating  chromic  acid  fic 
chromic  oxide.) 

On  bringing  together  a  little  chromic  acid  with  hydrogen  p 
oxide,  OjjHj,,  solution,  a  deep  indigo-blue  colour  is  produced,  owii 
probably  to  the  formation  of  a  perchromic  acid. 

A  solution  of  perchromic  acid  decomposes,  however,  rapidly  wi^ 
evolution  of  oxygen,  leaving  H^CrO^  ard  Cr^Og-jits  confctilution 
yet  unknown.  A  solution  in  ether  is  more  stable  than  an  aqiieoi 
solution.  It  is  obtained  by  adding  ether  to  a  very  dilute  (aci< 
solution  of  O^Hg,  ard  then  a  drop  of  dilute  solution  of  a  chromate  < 
dichromate.  On  shaking,  the  ether  takes  up  the  perchromic  acid,  ar 
acquires  an  intensely  blue  colour.  Mere  traces  of  CiOgCanbedi 
covered  in  this  manner,  or,  vice  versa,  very  small  quantities  of  Ofi 
This  is  perhaps  the  mobt  reliable  test  for  Hj,Oj,. 


Fig.  ti4,^Alni(nnitiiii  brati5se  (Cu  H)  \mv  cent.,  Al  10  per 
cent. ),  ca^t  in  sind.     (  x  Tft. ) 
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ALUMINIUM;  Al***  and  *^ — Is  one  of  the  metallic  elements 
which  occur  most  abundantly  in  nature  in  the  form  of  the  oxide. 
Rubjy  sapphire,  emery  are  almost  pure  Al^O,.  It  is  a  constituent  of 
many  minerals,  in  combination  with  silica^  with  sulphuric,  phosphoric, 
and  other  adds ;  and  in  the  form  of  fluoride  in  cryolite  and  topaz. 
The  element  in  the  metallic  state  is  not  known  free  in  nature,  but  is 
obtained  by  heating  its  chloride  with  sodium,  also  by  several  electro- 
lytic methods  on  fused  aluminium  fluoride,  with  bauxite,  &c.  &c.  It 
is  white,  with  a  decided  blue  tint,  has  nearly  the  hardness  of  copper, 
is  veiy  malleable  and  ductile,  and  is  practically  permanent  in  air. 
Water  Bcaroely  acts  npon  it,  but  most  diluted  mineral  acids  dissolve 
it  readily,  as  do  all  alkaline  liquids,  but  not  ammonium  hydroxide. 
Solutions  of  chlorides,  and  therefore  sea- water,  act  upon  it.  Its  atomic 
weight  =  27'01 ;  specific  gravity,  2*60;  melts  at  about  8U0*C.,  and  is 
not  appreciably  volatile  at  that  temperature.  It  is  an  excellent 
conductor  of  heat  and  electricity,  and  forms  alloys  with  most  other 
metals.     Its  specific  heat  is  very  great — i.e.,  -2143. 

Aluminium,  in  addition  to  being  employed  in  the  compact  form,  is 
also  valuable  in  the  state  of  powder  (obtained  by  pounding  the  metal 
when  at  a  temperature  just  below  fusion),  which  is  used  for  paint 
and  for  reducing  many  oxides,  as  Cr^O,,  i&c,  to  the  metallic  state. 
In  many  of  these  reactions  an  exceedingly  high  temperature  is  pro- 
duced, so  that  the  product,  although  infusible  in  all  ordinary  furnaces, 
is  completely  melted.  This  fine  powder  forms,  with  some  compounds 
rich  in  oxygen,  highly  explosive  mixtures,  which  are  used  for  some 
military  purposes  and  for  flashlight  photography. 

Alloys  of  the  metal  are  numerous.  Aluminium-bronze — copper 
JN)  per  cent.,  aluminium  10  per  cent. — compares  well  with  mild  steel 
for  tensile  strength,  dec.  As  it  removes  oxygen  from  CO,  it  is  frequently 
added  to  steels  at  the  mgment  of  casting  to  decompose  the  dissolved 
gas  and  give  sound  castings.  Lead  is  almost  the  only  metal  with  which 
it  does  not  unite. 

Experiments. 

I.  Alaminium,  in  foil  or  wire,  heated  in  air,  melts ;  the  surface 
becomes  doll  owing  to  a  very  thin  layer  of  white  oxide.  The  oxida- 
tion 18  very  slow,  as  this  layer  of  oxide  seems  to  protect  the  under- 
lying metu. 

II.  Heated  with  sulphur,  no  action  takes  place  until  a  full  red 
Iteat  it  attained.  A  little  sulphide  is  formed,  but  the  action  is  slight 
uid  never  quite  complete  in  an  ordinary  glass  tube. 

III.  HCl  acts  very  rapidly,  hydrogen  being  evolved.  On  evapo- 
titing  the  solution  to  dryness  the  hydrate  or  oxide  is  left  as  a  white 
powder.  The  chloride  in  solution  is  probably  AlCl^.SIICl,  which  is 
<leoompo6ed  by  the  water  on  evaporation  into  A1(H0)3  and  IICl. 

Sulphuric  add,  dilute,  acts  slowly.  A  white,  indihtinctly  crystal- 
Hoe  8ul|>liate  is  left,  Al^SBO^. 

Nitric  add  acts  most  slowly;  when  concentrated  scarcely  at 
lil.  On  evaporating,  a  white  hydrate  is  left,  all  the  nitric  going  ofl' 
with  the  water. 
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IV.  Alkalies  J  KHO,  NallOj  dissolve  the  metal  and  libt^mte 
hydrogen,  Theat^tion  on  gently  heating  becomes  somewhat  violent. 
So-called  aluminates  are  formed  ^  as  Al^Oj^iK^O. 

Aniiuonia  has  no  atition  on  the  metal  or  oxide. 

The  oxide  dissolves  in  soda  uiile?s  it  haa  been  very  strongly 
Ignited  or  it  be  the  native  form,  as  uovundum,  emery,  or  raby,  or 
sapphire.     These  forms  are  also  insoluble  in  acids. 

Dry  HeaetloDS^ 

Alumina,  when  hejited  on  charcoal,  is  distinguished  from  other 
oxides  by  itw  property  of  glovviTig  brightly,  and  asanming  a  beautiful 
Hky*blue  colour^  after  being  moiKtened  with  a  solntion  of  cobaltotiti 
niti'ate  and  again  heated  strongly j  owing  to  its  forming  with  the  | 
colrnlt  oxide  a  salt — cobaltous  alunnnite.  This  test  is  not  alwjijs  i 
decisive,  and  becomes  inapplicable  when  coloured  oxides,  such  as  FejOj, 
MnO,  (fee. J  are  present.  Also  many  phosphates  and  borates  give  & 
bloe  which  to  the  unpractised  eye  appears  the  same. 

Reactions  in  Solution. 

Soluble  salts  of  aluminium,  as  alum,  Aljf8SO^jK^S0^240H5i  may 
be  used  for  testing.  There  are  co mpai"ati vely  few  soluble  ones  in 
n^e. 

(NHJ^S  gives  a  m^hite  gelatinous  i>recipitate  of  aluminic 
hydroxide,  Aljj{110)^^  sulphuretted  hydrogen  being  evolved,  thus: 
(NHp,Al,{BOJ,  +  3(NH,),S  +  OOK,-  Al,(WO),  +  4{NH,),S0,  +  SSH^ 

KliO  or  NaHO  *  precipitates  the  hydroxide,  readily  soluble  ini 
excess,  forming  a  compound,  sodium  aluminate,  Alj^Na^O^,,  which  ia 
reprecipitjited  by  excess  of  ammonium  chloride,  or  by  ammonia  ufter 
neutralisation  of  the  alkali  by  hydrochloric  acid.  The  alkaline Siolii- 
tion  is  not  pi^ecipit^ited  by  ammonium  sulphide.  (Method  of  separt- 
tion  of  Al  from  Fe'\) 

Nll^OH  precipitates  the  hydroxide,  somew^hafc  soluble  in  eicefS* 
when  cold  insoluble  io  the  presence  of  much  ammonium  chloiidei 
and  on  boiling, 

Na^jOOa  or  KjCO^  precipitates  basic  carbonate  of  uncertain  com- 
position. 

BaCOj  precipitates  AU(HO)^  slowly,  but  completely,  even  coUj 
mixed  with  a  basic  Fait.     Carbon  dioxide  escapes. 

Hodium  hydrogen  phosphate  gives  a  bulky  white  precipitate  o 
aluminic  phosphate,  Al^P^O^,  insoluble  in  ammonium  hydioxide 
chloride ;  soluble  in  KHO  or  NaHO,  and  in  acids,  but  not  in  W 
acetic  acid,  (Distinction  of  Alj^O^  from  aluminic  phasphate,)  Alkd 
acetates  precipitate  AUP^O^  from  its  solution  in  minei^al  acids*    H* 

*  Potaseium  and  Eodium  tydioxidefi  arc  mostly  contaminated  withfllvittini 
derived  during  the  manufacture  from  ijorcelain  veesel^,  a  nil  it  is  tlierefol 
necessary  to  employ  puie  NaHO  (prepared  in  silver  or  nickel  vesselfi)  for  tJ 
Bepaiation  of  Fe  and  AL  It  must  aleo  be  recollected  that  KaHO  actg^  iall 
course  of  an  ordinary  analji^is,  destructively  iipon  porcelain  end  glafsvesail 
disfiolviEg  both  sUioa  oud  alumina,  wMch  give  eimilar  reactions  with  ammoo 
and  its  salts. 
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presence  of  citric  acid,  but  not  of  tartaric  acid  or  of  sugar,  prevents 
its  precipitation.  NH^Ol  precipitates  the  phosphate  from  its  soda 
solution. 

In  order  to  decompose  aluminium  phosphate  (as  in  the  mineral 
wavellite)  it  is  best  to  fuse  the  finely  powdered  mineral  with  1 J  parts 
of  finely,  divided  SiO,  and  6  parts  of  Na^OOg  in  a  platinum  crucible 
for  about  half  an  hour.  The  mass  is  digested  for  some  time  with 
water,  and  acid  ammonium  carbonate,  NH^HOOg,  added  in  excess ;  it 
is  then  filtered  and  washed.  The  residue  consists  of  aluminic  and 
sodium  silicates ;  the  solution  contains  the  sodium  phosphate.  Dis- 
solve the  residue  in  dilute  hydrochloric  acid,  and  evaporate  to  dryness 
to  separate  the  silica,  and  filter.  The  filtrate  may  be  tested  for  Al  in 
the  usual  way. 

Alumina  occurs  mostly  in  minerals  which  are  not  soluble  in  acids. 
Boilmg  with  concentrated  sulphuric  acid  attacks  many  ;  all  are,  how- 
ever, decomposed  by  fusion  with  KHSO^,  or  with  fusion  mixture, 
after  which  they  are  soluble  either  in  water  or  in  dilute  hydrochloric 
acid. 

Powder  up  some  porcelain  very  finely,  and  fuse  for  half  an  hour 
in  a  platinum  crucible  with  four  times  its  weight  of  fusion  mixture. 
Extract  with  water.  Transfer  both  the  soluble  and  insoluble  por- 
tion— consisting  of  alkali  aluminate — to  a  porcelain  dish,  acidulate 
with  hydrochloric  acid,  and  evaporate  to  dryness.  Take  up  with  a 
few  drops  of  concentrated  hydrochloric  acid  and  hot  water,  and  filter; 
wash  the  insoluble  SiO,  well  with  hot  water.  The  filtrate  contains 
tbe  aluminium  as  chloride,  from  which  it  can  be  precipitated  by 
ammonium  hydroxide  as  usual. 

Aluminic  silicate  is  often  found  in  nature  associated  with  potas- 
siam  or  sodium  silicate,  as  in  felspar  and  albite.  In  order  to  test 
for  potassium  and  sodium,  alkali  salts  must,  of  course,  be  carefully 
avoided.  This  can  be  done  by  making  use  of  hydrofluoric  acid,  or  by 
Wting  in  a  platinum  crucible  or  on  foil  with  CaO  or  with  calcite, 
CaCO,. 

Introduce  a  small  quantity  of  finely  powdered  felspar  into  a 
platinum  ♦  crucible  or  dish  ;  cover  with  liquid  hydrofluoric  acid,  and 
Evaporate  at  a  gentle  heat  in  a  closet  or  under  a  hood  which  is  con- 
iiected  with  the  chimney.  HF  attacks  the  SiO^,,  forming  silicon 
fluoride,  SiF^ — a  volatile  compound — and  leaves  the  aluminium  and 
potassium  behind  as  fluorides,  which  dissolve  in  dilute  hydrochloric 
^d: 

K,Al^i,0„  +  82HF  =  GSiF,  +  2KF  +  AlF^  +  160H,. 
Volatile. 

The  decomposition  is  generally  only  completed  after  two  or  three 
Evaporations  with  HF. 

Mix  the  fine  powder  of  felspar  with  either  powdered  calcite  or 
DaO  and  heatstrongly — ^bostin  a  covered  crucible — for  thirty  minutes. 
Dn  treating  with  HOI  and  evaporating  to  dryness  the  SiO^  becomes 
insoluble  and  AJ,  Ga,  K  may  be  taken  up  by  water  as  chlorides. 

♦  With  care,  a  leaden  dish  will  do. 
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N.B. — The  separation  of  the  metals  of  Group  III.  is  surrounded 
by  some  difficulties  which  arise  from  the  possible  simultaneous  pre- 
cipitation of 

Ist.  Sulphides,  NiS,  CoS,  MnS,  ZnS,  FeS, 
2nd.  Hydroxides,  Or,(HO)e,  A1,(H0)„  and 
3rd.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Oa,  Mg, 

and  it  is  therefore  well  always  to  ascertain  by  a  special  experiment 
whether  phosphoric  acid  is  present  or  not  in  the  solution  under 
examination. 

This  can  readily  be  done  by  adding  to  a  small  part  of  the  solu- 
tion a  little  concentrated  nitric  acid  and  a  solution  of  aminoiiium 
molybdate."'*^  A  yellow  precipitate  is  obtained,  especially  on  gently 
heating,  showing  the  presence  of  phosphoric  acid.  If  no  precipitate 
is  obtained,  phosphates  are  absent. 

(a)  Phosphoric  acid  is  absent — This  is  indicated  if  the  original 
substance  dissolved  readily  in  water.  If  insoluble  in  water,  but 
soluble  in  dilute  acids,  phosphoric  acid  may  likewise  be  absent  from 
the  substance. 

It  would  appear  at  first  sight  that  the  behaviour  of  the  five  sul- 
phides and  two  hydroxides  with  ammonium  chloride  and  anamonium 
hydroxide,  sodium  or  potassium  hydroxide,  or  dilute  acids  {e,g,,  HCl), 
would  enable  the  members  of  this  group  to  be  separated,  or  several 
of  them,  from  each  other.     It  has  been  shown,  for  example,  that— 

1st.  Ni,  Co,  Mn^  Zn  are  not  precipitated  by  ammonium  hydroxide 
from  a  hot  solution  containing  large  excess  of  NH^Cl,  whilst  Fej(H0)6, 
Crjj(HO)g,  and  Al3(H0)g  are  precipitated.  It  has,  however,  been  found 
that  the  mode  of  separation,  based  upon  this  solvent  property  of  am- 
monium chloride,  gives  but  imperfect  results,  since  the  Fe,(H0)6 
carries  down  varying  quantities  of  other  oxides,  especially  on 
exposure  of  the  solution  to  the  air,  when  higher  oxides  of  manganese 
and  cobalt  are  formed,  which  are  not  soluble  in  ammonium  chloride. 
Small  quantities  of  Ni,  Co,  Mn,  and  Zn  may  thus  be  overlooked 
altogether.  It  is  only  by  redissolving  the  precipitate  and  repre- 
cipitating  several  times,  as  long  as  the  ammoniacal  filtrate  gives  a 
precipitate  with  sulphuretted  hydrogen,  that  iron  can  be  completely 
separated  from  manganese,  &c.,  in  this  manner. 

With  these  precautions,  however,  it  is  mostly  possible  to  separate 
the  metals  of  this  group  from  each  other  by  first  precipitating  ferric, 
chromic,  and  aluminic  hydroxides  by  means  of  NH^Cl  and  NH^OH, 
and  then  from  the  filtrate  the  sulphides  of  Ni,  Co,  Mn,  and  Zn  by 
means  of  SH^  or  (NHJjjS. 

2nd.  Thai  Zn,  Al,  and  Cr  are  precipitated  by  KHO  or  NaHO, 
but  are  soluble  in  excess,  whilst  the  other  metallic  hydroxides  are 
insoluble.  From  this  it  would  appear  that  these  three  metals  can 
be  separated  by  means  of  the  fixed  alkali  hydroxides.  But  it  has 
been  found  here  again  that  Fe,(HO)g,  Ni(H0)2,  Co(HO)„  Mn(HO), 
carry  down  appreciable  quantities  of  Zn(HO)„  and  more  especially 

*  For  the  preparation  of  this  reagent  see  Appendix,  "  Reagents. " 
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the  Fe,(HO)g  precipitate  of  Crjj(HO)^,  and  that  a  complete  separation 
cannot  be  effected  by  precipitation  with  KHO  or  NaHO. 

3rd.  Cold  dilute  hydrochloric  acid  does  not  dissolve  Co8  or  NiS 
to  any  great  extent,  but  dissolves  the  other  sulphides  and  hydrates. 
This  method,  if  practised  with  care,  gives  good  results,  small  traces 
only  of  CoS  and  NiS  being  generally  dissolved  out.  But  as  it  leaves 
the  iron,  aluminium,  and  chromium  still  to  be  separated  from  man- 
ganese and  zinc,  no  saving  of  labour  is  effected  thereby  in  the  separa- 
tion of  these  seven  metals. 

Finely  divided,  freshly  precipitated  barium  carbonate  is  a  reagent 
which  separates  the  lower  oxides — viz.,  ZnO,  MnO,  NiO,  CoO  (this 
latter  not  quite  so  perfectly,  except  in  the  presence  of  much  ammo- 
nium chloride) — from  the  higher  oxides — viz.,  Fe^Og,  AUO3,  and  Cr^O,. 
The  metals  should  be  ffrst  obtained  as  chlorides. 

The  examination  of  the  precipitate  produced  by  barium  carbonate 
is  based  upon — 

Ist.  The  solubility  of  Al3(H0)g  in  sodium  hydroxide. 

2nd.  The  conversion  of  Cr^Oj  into  CrOg  by  fusion  with  sodium 
carbonate  and  nitre,  or  by  boiling  with  ClNaO,  or  with  PbOj,  in  an 
alkaline  solution. 

The  examination  of  the  filtrate  is  based  upon — 

1st,  The  solubility  of  Zn(HO)j  in  sodium  hydroxide. 

2nd.  „  MnS  in  acetic  acid. 

8rd.  The  formation  of  soluble  'KJJo^Oy^^  and  the  precipitation  of 
Ni  as  black  Ni2(H0)g  by  sodium  hypochlorite,  or  hypobroniite.* 

Directions  for  the  separation  of  these  seven  metals  will  be  found 
in  the  analytical  tables  under  Group  III  a. 

{/3)  Phosphoric  acid  is  present. — The  original  substance  was  either 
insoluble  or  only  partially  soluble  in  water,  but  soluble  in  hydro- 
chloric acid.  In  this  case  NH^Ol  and  NH^Hf  produce  a  precipitate 
before  (NH,),S  is  added.  If  (NH,),S  is  added  without  filtration 
after  the  addition  of  NH^OH,  the  precipitate  may  possibly  consist  of 
NiS,  CoS,  MnS,  ZnS,  FeS,  Al,(HO)e,  Cr,(H0)6,  as  well  as  the  phos- 
phates of  (Cr),  Al,  Mg,  Ca,  Sr,  Ba. 

Ammonium  chloride  and  hydroxide  precipitate  Ni,  Co,  Mn,  Zn, 
and  Fe  phosphates  without  decomposition.  Ammonium  sulphide 
converts  the  phosphates  of  Ni,  Co,  Mn,  Zn,  and  Fe  into  sulphides 
and  ammonium  phosphate,  and  this  could  then  act  upon  any  soluble 
salts  of  Ba,  Ca,  Sr,  Mg,  and  convert  them  into  phosphates,  although 
they  were  not  as  phosphates  in  the  original  mixture. 

An  example  will  make  this  clear.  Supposing  that  the  substance 
under  examination  consists  of  barium  carbonate  and  calcium  and 
ferric  phosphates,  BaC03,Ca3P,08  and  Fe^Tfi^,  On  dissolving  in 
hydrochloric  acid,  barium  chloride  is  formed,  and  the  calcium  and 
ferric  phosphates  are  dissolved  without  decomposition.     On  adding 

*  Instead  of  NaOOl  bromine  water  may  generally  be  used.     In  an  alkaline 
lolation  a  hypobromite,  as  NaOBr,  is  formed.     The  oxidising  action  is  just  the 


t  If  ammonium  chloTide  and  ammonia  should  give  no  precipitate,  it  is 
obvious  that  no  phosphates  and  no  Fe,  Al,  and  Cr  need  be  looked  for. 
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NH^Cl  and  KHjOU,  a  yellowish- white  precipitate  of  Fe^P^O,  and 
Oa^F^O^  is  obtained,  whilst  BaClj  is  not  precipitated.  On  adding, 
however^  (NHJ,S  as  well  bs  the  ammonium  chloride  and  ammonia 
to  the  solution,  Fe^P^Oj^  is  decomposed  into  fen^us  sulphide  and 
ammouiura  phoephate,  which  latter,  by  acting  upon  the  IlaCl^j  would 
precipitate  barium  phosphate. 

In  order  to  avoid  this,  the  precipitate  produced  in  Group  III.  bj 
NH^Cl  and  NH^OH,  which  contains  for  the  most  part  the  whole 
of  the  phosphates,  m  filtered  off',  and  (NH^)jS  added  to  the  filtrate 
only. 

The  ammonia  precipitate  is  dissolved  in  a  little  dilute  HCl, 
nearly  neutriilised  with  NajCOj,  and  an  excess  of  a  solution  *  con- 
tnining  sodium  acetate  and  acetic  acid  is  added.  The  phosphates  of 
iron,  cbix>mtum,  and  aluminium  are  precipitated.  Any  phosphates 
of  the  alkaline  earths  left  undeeompa^ed  by  the  ferric  chloride 
already  present  in  the  solution  are  held  in  solution  by  the  acetic 
acid*  To  the  filtrate  add  FejCl,,  drop  by  drop,  as  long  as  a  precipi' 
tat©  t  is  obtained,  and  till  the  colour  of  the  supernatant  hqttid 
becomes  distinctly  reddish*  Digest  at  a  gentle  heat ;  allow  to  sub- 
side, and  filter.  In  this  manner  the  whole  of  the  phosphates  of  tbe 
alkaUne  earthy  bases  are  decomposed,  with  formation  of  the  Fe,PPj> 
insoluble  in  acetic  acid  (which  precipitate  may  be  neglected),  and 
chlorides  of  Mg',  Ea,  Sr,  Co  which  remain  in  solution,  together  vdth 
the  chlorides  of  Ni,  Co,  Mn,  Zn.  The  whole  of  the  phosphoric  mi 
having  thus  been  removed,  the  metals  that  were  originally  present 
as  phosphates  may  be  detected  in  the  usual  way. 

It  may  be  of  interest  to  ascertain  whether  oxalates  of  Ba,  Sr,  and 
Ca  (which  are  destroyed  by  evaporation  with  nitric  acid  and  ignitioUi 
before  proceeding  to  Group  III.),  were  present  in  the  original  mix- 
ture, in  which  case  the  evaporation  to  dryness  and  ignition  iniist 
be  omitted. 

The  precipitate  produced  in  Group  III.  by  ammonium  chloride 
and  hydroxide  alone  contains  the  oxalates  as  well  as  the  phospluifc^ 
of  the  alkaline  earthy  bases,  and  possibly  also  gelatinous  silica.  The 
oxalates  are  decomposed  by  gently  igniting  the  precipitate,  and  are 
converted  into  carbonates.  Tlie  ignited  mass  efiervesces  strongly  oa 
extraction  with  dilute  hydrochloric  acid.  When  the  solution  is 
evapoi^ted  to  dryness  and  again  taken  up  with  dilute  HCl,  the 
silica,  if  present,  is  rendered  insoluble,  and  may  be  separated  by 
filtration.  To  the  acid  solution,  which  may  [Kjsatbly  contain  phos- 
phates of  Mgj  Oa,  Sr,  and  Ba,  as  well  as  chlorides  of  the  bases, 
present  before  ignition  as  oxalates,  add  NH^Cl  and  NH^H  and 
filter  off.     The  filtrate  contains  the  chlorides  of  Ba,  Sr,  and  Oa,  and 

*  For  the  preparation  of  this  reagent  ace  Appendix. 

t  n  atiy  phosphates  of  the  alkaline  eartliy  bases  be  left^  Fe.jClg  should  pro- 
d^ce  a  yellowish  white  precipitate  when  adedd  to  a  portion  of  the  acetic  acid 
solution  ;  if  not,  no  ferric  shlt  need  be  added  to  the  main  portion  of  th€ 
ftltrate,  (The  presence  of  iron,  other  than  phosphate,  is  generally  indicated 
by  the  reddish  or  ferric  acetate  colour  of  the  filtrate.)  In  this  case  Al  and 
Cr^  as  well  s,s  the  metals  of  the  alkali  earths,  will  etill  have  to  be  lo<^ked  for 
In  the  iltrate. 
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8  tested  separately  according  to  Table  I V.  All  bases  so  discovered 
nust  have  been  present  originally  as  oxalates. 

The  separation  of  the  individual  members  of  this  group  is  based 
upon : 

1st.  The  insolubility  of  the  phosphates  of  Fe,  Al  (and  Cr)  in 
acetic  acid  in  the  presence  of  an  alkali  acetate. 

2nd.  The  separation  of  the  whole  of  the  phosphoric  acid  which 
is  in  combination  with  the  alkaline  earthy  bases,  by  means  of  FcjOlg, 
in  an  acetic  solution. 

All  other  operations  are  identical  with  those  already  described. 

Phosphates  may  be  decomposed  in  another  way,  depending  on 
the  fact  that  almost  all  phosphates,  excepting  those  of  molybdenum 
and  tin,  are  soluble  in  strong  nitric  acid.  When  any  phosphate  is 
mixed  with  tin,  in  filings,  or  finely  granulated,  and  then  covered  with 
moderately  strong — 50  per  cent. — nitric  acid,  a  violent  action  takes 
place  between  the  Sn  and  the  acid,  resulting  in  the  formation  of  a 
stannic  hydroxide — so-called  meta- stannic  acid.  The  phosphates 
are  at  the  same  time  dissolved  by  the  nitric  acid.  This  stannic 
hydroxide  (or  acid)  combines  with  the  P^Oj  of  the  phosphates, 
forming  a  compound  quite  insoluble  in  strong  or  dilute  nitric,  but 
decomposed  by  hydrochloric  acid. 

The  process  is  best  carried  out  by  evaporating  the  filtrate,  after 
passing  SH,,  in  which  phosphates  have  been  found,  to  dryness  or 
nearly  so,  adding  a  few  grams  of  tin  filings,  and  covering  with 
nioderately  strong  HNO3,  stirring  well,  and  allowing  to  evaporate  on 
a  sand-bath  or  wire  gauze  over  a  flame  nearly  to  dryness.  After 
Cooling  dilute  HNO3  ^^  added,  the  solution  warmed  and  filtered.  All 
the  bases  will  be  found  in  solution  as  nitrates,  and  the  P^O^  will  be 
i^tained  in  the  white  tin  oxide  residue.     Chlorides  should  be  absent. 

Before  proceeding  the  nitric  acid  filtrate  must  be  tested  for  P^O^ 
^y  ammonium  molybdate. 

Although  the  metals  of  Group  III.  arrange  themselves  very 
'^ell  for  analytical  purposes  aa  a  group,  there  are  considerable 
differences  amongst  them  in  other  respects.  Fe,  Ni,  Co,  Zn  are 
Easily  reduced  from  their  oxides,  Fe^jOj,  NiO,  CoO,  ZnO,  by  carbon 
^r  CO.  MnO  is  not  so  easily  reduced,  and  Al^Og  and  Cr^Og  are 
practfcally  not  reduced,  by  C  or  CO  alone  at  any  temperature.  The 
Pwiest  method  of  reduction  in  these  cases  is  from  their  chlorides  by 
todium  or  magnesium  or  in  the  electric  arc.  By  the  simultaneous 
iction  of  CI  and  C  on  the  oxides,  as  Al.O,  +  :}C  -f  :')CI,  -=  Al.Cl,  +  ^00, 
•he  dry  chlorides  are  produced,  and  these  may  be  decomposed  by 
odium.     Cr^O,  behaves  in  exactly  the  same  manner. 

The  metallic  character  of  chromium,  measured  by  the  few  salts  it 
onus  with  acids,  is  less  than  that  of  the  other  elements  in  the  group. 
lie  sulphideR  also  of  Cr  and  Al  ai'e  not  producible  by  wet  processes, 
whilst  all  the  other  metals  readily  form  sulphides  from  aqueous 
>]ution8  of  their  ^alts.  Nickel  and  cobalt  might  almost  be  looked 
pOD,  from  the  behaviour  of  some  of  their  salts,  oxides,  i^c,  as  being 
lantiomorphoufl  bodies. 

12 


178  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

With  the  exception  of  zinc  and  aluminium,  all  these  elem 
have  high  melting-points.  Their  oxides  are  all  almost  infui 
substances.  The  chlorides  are  all  fusible  and  volatile ;  ZnCl^  i 
easily,  followed  by  AICI3  and  CrCl,.  FeCI,,  NiCl,,  CoCl,,  and  M 
melt  but  do  not  vapourise  easily,  excepting  in  a  current  of  chlorine 
Aluminium  and  chromium  chlorides  are  scarcely,  if  at  all,  reduce< 
hydrogen  at  a  red  heat.  The  others  are  moderately  easily  redu 
MnOl,  being  the  most  difficultly  reducible. 

The  carbides  of  Al,  Cr,  Fe,  and  perhaps  also  of  Mn,  w 
decomposed  by  water,  or  HCl,  give  hydrocarbons  of  the  pan 
series  as  well  as  acetylene. 

Al,  Cr,  and  Fe  show  a  strong  tendency  to  form  alums,  whilst 
Co,  and  Zn  do  not  form  this  class  of  salt,  and  Mn,  in  this  resp 
seems  to  fall  between  the  two  sets  of  metals. 


CHAPTER  XII. 

CTIONS   OF   THE    METALS    OF  GROUP   II. 

p  comprises  the  metals  mwcury,  lead,  bismuth,  copper, 
arsenic,  antimony,  tin  (gold  and  platinum),  which  are 
>d  from  acid  solutions    (HOI)  by  means  of  sulphuretted 

exercise  mix  together  solutions  of  Bi(N03)3,  HgOl^,  CuSO^, 
^3  (dissolved  in  HCl),  Pb(N03)3,  SbCl,,  SnCl,,  and  SnCl,,  and 
pent  of  SH„  without  first  filtering  off*  the  white  precipitate 
produced.  Filter ;  pass  the  gas  again  through  the  clear 
make  sure  that  the  metals  have  been  entirely  precipitated, 
precipitate  with  hot  water ;  remove  a  portion  from  the 
boil  it  with  a  little  yellow  ammonium  sulphide,  and  filter 
ick  residue  is  left,  consisting  of  HgS,  PbS,  Bi^Sg,  CuS,  CdS. 
ion  contains  As^S,,  Sb^Sg,  SnS,  and  SnS^  dissolved  in  the 
1  sulphide.*  This  can  be  shown  by  acidulating  with  dilute 
fie  acid,  when  a  yellowish  precipitate  comes  down,t  con- 
bhe  sulphides  of  As,  Sb,  Sd. 

lows  that  Group  II.  may  be  divided,  by  means  of  ammonium 
r  other  alkali  sulphide,  into  two  portions, 
ime  sulphide,  in  its  widest  sense,  is  given  to  all  compounds 
1  sulphur  enters  as  the  electro-negative  element.  A  strik- 
^y  is  observable  between  oxides  and  sulphides.  There  is  a 
iss  of  sulphides  which  resembles  metallic  oxides  or  bases  ; 
lass  which  plays  the  part  of  oxy-acids.J  Sulphides  are 
divided  into  sulpho-bases  and  sulpho-acids.  To  the  latter 
)  sulphides  of  H,  As,  Sn,  Sb  (Pt,  Au)  ;  to  the  former  the 
of  many  metals,  especially  such  of  the  metals  as  constitute 
bases  (K,  Na,  NH^,  Ba,  Ca,  <fec.).  An  electro-positive  ele- 
ch  forms  with  oxygen  an  oxide,  combines  generally  also 
;ame  number  of  sulphur  atoms,  to  form  a  corresponding 

slum  or  sodium-hydrosulphides  are  nearly  as  efficient  as  the 
sulphide.     It  is  noticed  here,  and  later,  that  K  and  Na  sulphides 

htly  different  solvent  action  on  the  sulphides  of  the  group  to  that 
ammonium  sulphide.     There  is  no  doubt  that  the  solubility  of 

ides  is  due  to  the  formation  of  a  definite  double-sulpho  salt. 

N  ammonium  sulphide  converts  SnS  into  SnSg. 

ides  have  their  analogues  in  persulphides.     Both  can  act  as  acids 

legative  groups  to  others  with  less  oxygen  or  sulphur. 
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sulphide,  in  which  the  sulphur  is  performing  similar  functions  to 
oxygen. 

The  resemblance  in  the  constitution  of  these  oxygen  and  sulphur 
compounds  is  further  borne  out  by  the  analogy  in  their  solubility 
and  alkaline  reaction  : 


Oxy-bnsc8. 

SidpJio-bcbses. 

0K2 

Potassium    oxide,    alkaline 

SK., 

Potassium  sulphide,  alkaline 

and  soluble. 

and  soluble. 

0(NHJ2 

Ammonium  oxide          „ 

S(NH4), 

5  Ammonium      „              „ 

OxNX 

Sodium            ,,              „ 

SNag 

Sodium              ,,              „ 

BaO 

Barium             „               „ 

BaS 

Barium              „               „ 

CaO 

Calcium           „              „ 

CaS 

Calcium    -        „ 

FeO 

Ferrous  oxide,  no  reaction, 

FeS 

Ferrous             „  no  reaction, 

insoluble. 

insoluble. 

ZnO 

Zinc            .,                   „ 

ZnS 

Zinc                   „ 

Oxy-anhydrides. 

SvlpkO'  or  thio-anhydridcs. 

AsyO., 

Arsenious  anhydride. 

AS2S3 

Arsenious  sulphide,  or  sulph- 
ar.«enious  anhydride. 

As^O^ 

Arsenic               „ 

As.A 

Arsenic  sulphide,  or  sulphar- 
senic  anhydride. 

Sb.A 

Antiraonious 

Sb^Sg 

Antimonious  sulphide,  or 
sulphantimonious  anhy- 
dride. 

Sb.p5 

Antimonic          „ 

Sb^S, 

Antimonic  sulphide,  orsulph- 
antimonic  anhydride. 

SnO.^ 

Stannic               „ 

SnSg 

Stannic  sulphide,  or  sulpho- 

stannic  anhydride. 

Oxy-acids. 

Svlpho-  or  thio-acids. 

H.AsO., 

Arsenious  acid. 

H3A8S3 

Sulpharsenious  acid. 

H,As04 

Arsenic  acid. 

H.,Asa4 

Sulpharsenic  acid. 

H,SbO, 

Antimonious  acid. 

H^SbSa 

Sulphantimonious  acid. 

If,3b04 

Antimonic  acid. 

H^SbS^ 

Sulphantimonic  acid. 

HSbO, 

Metantimonic  acid. 

HSbSg 

Sulphometantimonic  acid. 

H,Sn63 

Stannic  acid. 

H.,SnS3 

Sulphostannic  acid. 

To  this  list  might  be  added  CO^  and  CS^,  which  form  carbonates 
and  sulphocarbonates  respectively,  and  some  others. '  The  analogy 
here  is  most  complete.  K^COS^  is  an  intermediate  compound 
between  the  ordinary  alkali  carbonate  and  K^CSj,  the  real  sulpho> 
or  thio-,  carbonate. 

Sulpho-salts  are  obtained  by  the  mutual  action  of  a  sulpho-acid 
and  a  sulpho-base  upon  each  other. 

Sulphides  soluble  in  water,  comprising  the  sulphides  of  the 
alkalis  and  alkaline  earthy  metals,  are  divided  into  normal  sulphides, 
such  as  SKg,  S(NH4)2,  SNa^,  BaS  ;  into  sulphydrates  (acid  sulphides), 
such  as  SKH,  SNH^H,  BaH^Sg ;  and  poly  sulphides,  such  as  S,H„  S^K^ 
S5(NH4)2.*      The  aqueous  solutions  of  the  normal  and  acid  sulphides 

*  The  composition  of  the  so-called  polysulphides  has  not  been  made  out 
with  certainty.  Indeed,  no  scientific  examination  has  as  yet  been  made  of 
them.  Melted  sulphides  seem  to  dissolve  a  large  amount  of  sulphur,  which 
may  be  retained  in  solid  solution,  or  they  are  very  likely  the  analogues  of 
sulphites  and  sulphates  in  which  sulphur  is  acting  the  part  played  by  oxygen 
in  true  sulphites  and  sulphates,  thus ;  KjSO^ :  K3SS4,  and  Na^O^ :  Na^SaSY,  &c. 
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are  colourless,  and  give  off  SH,  when  treated  with  dilute  hydrochloric 
acid,  without  separation  of  sulphur.  Solutions  of  the  poly  sulphides 
are  yellow,  or  yellowish  brown,  and  when  treated  with  hydrochloric 
acid  give  off  sulphuretted  hydrogen,  with  separation  of  white  (or 
precipitated)  sulphur.  In  some  cases  hydrogen  persulphide,  H^Sj,, 
the  analogue  of  H,0„  is  formed.  The  number  of  sulpho-salts  known 
is  small  compared  with  the  salts  of  oxy -acids,  and  they  are  far  less 
stable  than  ordinary  oxy-salts.  The  number  of  sulpho-acids  is  prin- 
cipally restricted  to  the  acids  enumerated  above,  and  these  again 
combine  mostly  only  with  the  soluble  sulphides  possessed  of  an  alka- 
line reaction  ;  or,  if  combined  with  the  sulphides  of  the  heavy  metals, 
as  in  certain  cases,  they  are  somewhat  easily  decomposed  by  chemical 
agencies.     Some  are  certainly  found  as  minerals. 

The  following  is  a  list  of  some  sulpho-salts  compared  with  the 
corresponding  oxy-salts : 


Na^SnOa 

NaaSnOg 

K3ASO3 

NasAs04 

KSbOa 


0.ey-8alt8, 

Disodiam  stannite. 
Disodium  stannate. 
Tripotassium  arsenite. 
Trisodium  arsenate. 
Potassium  metantimonite. 


NagSnSa 

NajSnSj 

K3ASS3 

NaaAsS^ 

KSbO.. 


ESbOj       Potassium  metantimonate.      KSbOj 


Sulpho-salts, 

Sodium  sulphostannite. 
Sodium  sulphostannate. 
Potassium  sulpharsenite. 
Sodium  sulpharsenate. 
Potassium  metasulpbanti- 

monite. 
Potassium  metasulphanti- 

monate. 


Treat  another  portion  of  the  above  SH^  precipitate  with  NaHO 
or  KHO  and  filter  off.  A  black  residue  is  likewise  loft,  and  on 
adding  dilute  HCl  to  the  filtrate  As^Sg,  Bb,%  SnS,  and  SnS,  are 
reprecipitated. 

This  shows  that  the  hydroxides  of  the  alkali  metals  dissolve 
a  portion  of  the  sulphides  precipitated  by  SH^,.  The  following 
equations  explain  the  action  of  the  alkali  hydroxides : 

SbjSj  +  6KH0  =  KjSbSg  +  KgSbOg  +  30H,. 

As^S,  +  4KH0  =  HK^AsSg  +  HK.AsOg  +  OH,. 

2SnS  +  4KH0  =  K,SnS,  +  K.SnO,  +  20H,. 

2SnS,  +  4NaH0  =  Na^SnSg  +  Na^SnO,  +  OH,  +  SH,  * 

These  may  be  called  mixed  reactions. 

Addition  of  hydrochloric  acid  reprecipitates  the  sulphides,  thus  : 

KjSbS,  +  KjSbOj  +  GHOl  =  Sb,S3  +  6KCi  +  30II,. 

Hence  the  metals  which  are  precipitated  by  SH,  in  (houp  II. 
can  be  subdivided  by  means  of  ammonium  sulphide  or  sodium  or 
potassium  hydroxides  into — 

A.  Metals  whose  sulphides  act  as  sulpho-bases — viz.,  the  sulphides 
of  Hg,  Pb,  Bi,  Ou,  and  Cd.     These  are  insoluble  in  ammo- 

*  No  SHg  is  given  ofF  in  this  reaction.     As  excess  of  NaHO  is  always  used, 
it  may  be  reprebented  :  2SnS2  +  6NaHO  =  Na.^SnS3  +  NaoSnO;,  +  20Ho  +  NaHt:>. 
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nium  sulphide  (HgS  dissolves  to  some  extent  in  potassium 
or  sodium  sulphide ;  CuS  is  somewhat  soluble  in  ammonium 
sulphide). 
B.  Metals  whose  sulphides  act  as  sulpho-acids — viz.,  the  sulphides 
of  As,  Sb,  Sn  (Au,  Pt). 


Group  II.     Subdivision  A. 

(1)  MERCURY)  Hg''. — Occurs  native,  but  is  chiefly  obtained  from 
cinnabar  or  mercuric  sulphide,  HgS,  by  heating  with  lime  or  iron 
turnings  in  a  distilling  apparatus  or  retort.  The  element  is  liquid 
at  ordinary  temperatures  and  down  to  about  -  40°  C,  at  which  tem- 
perature it  crystallises.  Both  the  solid  and  liquid  states  exhibit  a 
metalline  lustre  and  colour  like  silver.  It  is  malleable  whilst  solid. 
It  has  an  atomic  weight  of  199"71,  generally  taken  as  200.  Specific 
gravity  =  1 3 '55  in  the  liquid  and  14*  19  in  the  solid  state.  The  solid 
melts  at  -  SHSO"^  C.  and  boils  at  357*25°  C.  under  a  pressure  of 
7 GO  mm.  It  does  not  tarnish  appreciably  in  the  air,  but  is  very 
slowly  oxidised  when  gently  heated  to  about  300°  C.  in  an  atmo- 
sphere of  oxygen.  Ozone  acts  more  rapidly  and  at  low  tempera- 
tures. Nitric  acid  acts  readily  upon  it,  even  when  cold  ;  sulphuric 
only  when  heated  and  strong.  Hydrochloric  acid  or  alkalies  have 
no  action.  It  combines  energetically  with  chlorine,  bromine,  iodine, 
and  sulphur,  also  with  sodium  and  potassium  and  some  other 
metals,  forming  amalgams,  but  not  with  iron,  platinum,  nickel, 
cobalt,  or  aluminium. 

This  property  of  mercury  has  received  an  important  application 
in  the  extraction  of  gold  and  silver  from  poor  ores  by  the  so-called 
amalgamation  process,  in  which  the  mercury  can  be  separated  again 
by  distillation,  the  gold  or  silver  being  left  behind. 

When  cinnabar,  HgS,  is  roasted  in  the  air,  the  sulphur  is  oxidised 
to  SO,  and  metallic  mercury  sublimes. 

Hydrogen  and  carbon,  copper,  tin,  zinc,  <fec.,  reduce  HgS  at  a  high 
temperature,  forming  with  the  sulphur  SH„  CS,  (carbon  disulphide), 
CuS,  ikc.  The  native  HgS  is,  however,  best  reduced  by  the  action 
of  strong  bases,  such  as  lime  or  soda. 

Mix  a  little  cinnabar  with  dry  sodium  carbonate,  and  heat  in 
a  little  tube,  sealed  up  at  one  end^  or  blown  into  a  small  bulb. 
Metallic  mercury  sublimes  and  forms  a  mirror  in  the  cold  part  of 
the  tube ;  the  sulphur  is  retained  by  the  alkali  metal. 

Mercury  salts,  when  heated  by  themselves,  out  of  contact  with 
the  air,  volatilise  or  sublime,  either  without  decomposition,  such  as 
HgBr,,  HgOl,,  Hg,Cl„  Hgl„  HgS,  HglON ;  or  they  are  decom- 
posed into  oxide  or  metal,  as  HgN,Og,  the  nitrate,  which  gives 
HgO  +  NjO^  +  0.  Salts  of  mercury  with  fixed  acids,  as  the  phosphate 
or  chromate,  leave  fixed  residues  of  acid  or  oxide  (Cr,Oj). 

Sulphates  of  mercury  decompose  on  heating  into  SO,,  HgO,  and  0, 
and  finally  metallic  Hg ;  carbonate  into  HgO  and  00,,  and  finally 
metal. 
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Probably  tho  most  delicate  test  for  metallic  mercury  is  a  piece 
of  metallic  gold,  a  coin,  which  becomes  whitened  by  an  exceedingly 
small  amount  of  Hg  when  suspended  in  its  vapour  or  when  the 
substance  moistened  with  HCl  is  inibbed  on  the  gold.  Some  silver 
salts,  as  the  sulphate  or  phosphate,  will  absorb  mercury  vapour  or 
the  vapour  of  volatile  mercury  compounds.  Bright  metallic  copper 
comes  next  in  delicacy  in  showing  this  test.  A  drop  of  Hg  placed 
on  a  piece  of  aluminium  and  just  moistened  with  HCl  starts  a 
peculiar  action  on  the  aluminium.  White  filaments  of  Al^O,  grow 
up  like  fungiis  from  the  metal. 

An  amalgam  of  4  parts  of  tin  and  1  part  of  mercury  is  employed 
in  the  manufacture  of  looking-glasses. 

Mercury  forms  two  series  of  salts,  mercurous  and  mercuiic. 

In  mercurous  salts  the  element  exhibits  less  extent  of  energy  of 
combination  than  in  mercuric  salts.  As,  for  instance,  mercurous 
oxide,  HgjO,  calomel,  Hg^Cl, ;  and  mercuric  oxide,  HgO,  corrosive 
sublimate,  HgCl,.  In  the  former  case  it  is  supposed  that  the  metal 
is  in  some  way  combined  with  itself  as  Hg — Hg  or  Hg — Hg,  whilst 

\/  I  I 

0  CI       CI 

in  the  latter  the  whole  extent  of  the  energy  of  the  mercury  atom  is 

expended  on  the  substance  with  which  it  is  combined. 

Experiments. 

I.  Mercury  when  heated  in  a  tube  boils,  evaporates,  and  condenses 
again  in  very  small  globules  on  the  cool  part,  forming  a  mirror. 
After  heating  for  some  hours  in  air  the  surface  lustre  becomes  less, 
but  no  appreciable  oxidation  takes  place  in  the  short  time  of  an 
experiment. 

II.  Heated  with  sulphur,  a  black  solid  is  formed  which  sublimes 
black.  On  rubbing  with  a  hard  substance  it  becomes  somewhat 
reddish.     It  is  HgS. 

III.  HCl  has  no  action. 

HgSOf,  when  boiling  and  strong,  dissolves  it,  forming  sulphate 
and  liberating  SO,.  Hg  +  2H,S0,  =  HgSO,  +  2H,0  +  SO,.  Crystals 
are  obtained  on  cooling  tho  acid  solution. 

Nitric  acid  acts  most  readily.  Oxides  of  N  are  evolved  and  the 
nitrate,  Hg(N03),,  crystallises  out  as  the  liquid  cools.  On  heatiog  this 
nitrate  oxides  of  nitrogen  are  given  off  and  HgO  left,  which  also 
decomposes  into  Hg  and  0. 

Ammonia  and  alkalies  have  no  action  on  the  metal. 

IV.  Iodine  combines  very  readily.  The  Hgl,  formed  sublimes 
yollow,  generally,  and  becomes  pink  on  rubbing. 

v.  Add  a  few  dean  filings  of  lead  or  zinc  or  tin  to  a  few  globules 
of  mercury  on  a  watch-glass.  The  liquid  mercury  becomes  thick  and 
pasty  by  combination  with  the  solid  metal. 

Koaetions  in  Solution, 

Mercury  readily  dissolves  even  in  cold  nitric  acid,  forming  mercu- 
^08  nitrate  if  the  mercury  is  in  excess^  and  mercuric  nitrate  if  the 
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acid  is  iu  excess  and  hot.     These  salts  have  the  composition,  or  can 
be  represented  as : 

Hg.(N03),    and     Hg(NO,),. 

Mercurous  Mercuric 

nitrate.  citrate. 

Mercurous  oxide  exhibits  a  tendency  to  combine  with  another 
atom  of  oxygen,  or,  when  exposed  to  heat,  to  part  with  one  atom  of 
mercury,  and  the  remainder  to  become  converted  into  mercuric  oxide. 
Hence  mercurous  salts  act  as  reducing  agents. 

As  mercurous  chloride  is  insoluble,  the  reactions  of  mercurous 
salts  will  be  considered  in  connection  with  the  reactions  of  silver  and 
lead  in  Group  I. 

In  order  to  study  the  reactions  of  mercuric  salts,  a  solution  of 
mercuric  nitrate,  ng(N03)„  or  mercuric  chloride,  HgCl^  (corrosive 
sublimate),  may  be  employed.  Not  many  mercury  salts  are  very 
soluble  and  few  are  really  insoluble  in  water. 

SH,  (group  i*eagent)  added  to  HgCl,  gives  a  black  precipitate  of 
mercuric  sulphide,  HgS.  The  precipitation  is  marked  by  character- 
istic changes  of  colour.  Accordingly,  as  sulphuretted  hydrogen  water- 
is  added  in  small  quantities,  or  the  gas  passed  slowly  through  the 
solution,  it  produces  at  first  a  perfectly  white  precipitate,  and,  on  the 
addition  of  more  SH,,  a  yellow  precipitate  which  passes  through  dirty 
yellow  to  brown,  and  becomes  black  only  when  excess  of  SH^  has 
been  added  to  the  mercuric  salt.  The  white,  yellow,  or  brown  pre- 
cipitate is  a  varying  mixture  of  HgS  and  HgCl,.  HgS  is  insoluble 
in  nitric  or  hydrocliloric  acid  and  in  yellow  ammonium  sulphide, 
alkali  hydroxide  or  cyanide,  soluble,  however,  in  aqua  regia  and  in 
potassium  or  sodium  sulphide  in  the  presence  of  sodium  hydroxide, 
but  insoluble  in  their  sulphydroxides.  Long  digestion  with  concen- 
trateil  nitric  acid  converts  the  black  HgS  into  a  white  substance, 
probably  a  compound  of  2HgS  +  Hgj(N03),  (?). 

Ammonium  sulphide  gives  the  same  precipitate. 

NallO  or  KlIO  added  in  excess  produces  a  yellow  precipitate  of 
mercuric  hydi'oxide,  Hg(HO)„  insoluble  in  excess. 

NII^Oll  produces  a  white  precipitate,  from  the  chloride,  of  mer- 
curic ammonium  chloride,  NH^Hg'Cl,  known  as  "  white  precipitate." 

Sixiium  or  iH)tassium  carbonates  give  a  reddish-brown  basic 
carbonate  pi-ecipitate. 

K I  gives  a  bright  red  precipitate  of  mercuric  iodide,  Hgl,,  soluble 
either  in  excess  of  poUissium  iodide  or  of  the  mercuric  salt. 

The  solution  contains  HgIj2KI.  This  is  also  known  as  a  double 
salt,  and  is  pi'obi\bly  K 


I 
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but  no  expei'iinontivl  evidence  of  thk  foi*mula  in  to  hand.  The 
cliloriJe  HgOI,  also  formw  a  crystalliiie  compound  with  iMvClj  which 
mh.y  be  similarly  expre^ed  ; 

y      \ 

Cl^Hg— Cl 

\        / 

K-Cl 

KOy  gives  with  mercuric  nitrate  (not  the  chloride)  a  white 
Pi'ecipitate  consisting-  of  cyanide  and  nitrate,  soluble  in  excess,  not 
*^ Composed  by  boiling  with  alkalies  or  alkali  carbon atea,  but  only  by 

Mercuric  salts  are  readily  reduced  to  mercurous  salts : 

SnCly  {stannous  chloride)  gives  with  mercuric  salts  a  white  preci- 
t^itate  of  mercurous  chloride,  Hg^Cl^,  which,  w hen  boiled  with  excess 
*-*f  tha  reagentj  is  reduced  to  grey  metallic  mercuiy.  On  pouiing  off 
^le  solution  and  boiling  the  grey  precipitate  with  HCl  the  mercury 
*^  obtained  in  little  globules. 

Ferrous  sulphate  reduces  Hg(NOj)^,  but  not  HgCl,,  to  the 
^*^0tallic  state, 

Cu,  Zn,  Pb,  Sn,  Cd,  and  Fe  precipitate  metallic  mercury  from 
*xi6rcuric  solutions,  prnvided  they  are  not  too  acid.  They  do  not  ail 
^kjct  at  the  same  rate. 

If  a  strip  of  bright  metallic  copper  be  employed,  a  silvery  white 
deposit  of  metallic  Hg  is  obtaioedj  which,  w^hen  gently  rubbed^  shows 
«i  bright  metallic  lustre,  and  gives,  after  drying  and  heating  in  a  dry 
0,0(1  narrow  test-tube,  or  bulb-tube,  a  sublimate  of  metah 

Genei^lly  mercuric  salts  are  frst  reduced  to  mercurous  salts,  and 
finally  to  metallic  mercury. 

(^2)  LEAD* — Ouly  a  slight  precipitate  of  PbS  is  for  the  most  part 
obtained  in  Group  II.,  since  the  greater  part  of  the  lead  is  removed 
in  Group  I.  as  PbCJlj.  It  happens  frequently  that  this  small  quantity 
cif  Jead  is  not  precipitated  by  HH^,  on  account  of  the  solution  being 
too  acid  (HCl),  or  too  concentrated,  in  w^hich  case  a  little  lead  is 
found  in  Group  III.,  and  is  often  mistaken  for  some  other  metal.  It 
is  ncK^essary,  therefore,  to  dilute  a  portion  of  the  filtrate  from  Group 
IL  considerably,  and  to  pass  a  current  of  SH^  through  in  order  to 
make  sure  of  the  presence  of  lead,  especially  so  wdien  lead  has  been 
discovered  in  Group  I, ;  and ^  if  a  preci pittite  bo  obtaintd,  to  pass  the 
^as  once  more  through  the  whole  of  the  filtrate,  after  having  diluted 
it  considerably,  or,  better,  neutralised  it  to  some  extent  by  addiug 
ammonium  hydroxide- 

{^)  BISMUTH,  Bi'''  and  ^— This  metal  is  found  native;  also  in 
combination  with  oxygen  and  sulphur,  as  bismuth  ochre,  Bi^Oj,  from 
the  decomposition  of   bismuth  glance,   Bi^Sj,  and   in  the  form  of 
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sulpho-salts,  as  kobellite  Bi^S,,  3PbS,  and  needle  ore,  61^83,  2PbS, 
Cu,S. 

The  metal  is  highly  crystalline,  brittle,  of  a  white  colour,  with  a 
red  tinge.  Atomic  weight,  208*5 ;  specific  gravity,  9*80 ;  melts  at 
2G6-8^  and  boils  between  1090°  and  1450°. 

It  is  not  malleable  at  all,  but  powders  up  easily  in  a  mortar. 

Water  and  air  have  little  or  no  effect  at  ordinary  temperatures. 
It  expands  on  solidifying  from  fusion  similarly  to  ice.  The  metal  is 
seldom  employed  alone,  but  is  much  used  for  alloys  where  fusibility 
is  desired. 

Experiments. 

The  metal  may  be  melted  in  a  test-tube. 

I.  Heated  strongly  in  air,  rapid  oxidation  takes  place,  fine 
coloured  films  pass  over  surface  of  melted  metal,  and  a  yellow  or 
yellowish  red  oxide  forms.  The  oxide  is  very  fusible,  and  darkens 
on  heating. 

II.  Heated  with  sulphur,  combination  takes  place  very  readily  to 
BijSj,  a  nearly  black,  crystalline,  but  non-volatile  substance,  which 
readily  melts. 

III.  Hydrochloric  scarcely  acts  at  any  temperature.  Sulphuric 
acts  very  slowly,  and  only  when  concentrated  and  hot. 

Nitric  dissolves  it  most  readily,  with  evolution  of  fumes  of  oxides 
of  nitrogen  and  formation  of  BiSNOj,  which  readily  crystallises  when 
slightly  evaporated  in  a  dish.  Ammonia  and  alkalies  have  no  action 
either  on  metal  or  oxide. 

The  oxide  dissolves  readily  in  acids,  and  the  solutions  give 
crystals  on  evaporation.  All  the  salts  are  colourless  unless  the  acid 
be  coloured. 

Dry  Reactions. 

Salts  of  bismuth  are  reduced  with  ease  on  charcoal  by  the  blow- 
pipe, covering  the  charcoal  with  an  incrustation  of  oxide,  orange- 
yellow  while  hot,  lemon-yellow  when  cold,  passing  at  the  edges  into 
a  bluish  white.  The  incrustation  can  be  driven  from  place  to  place 
by  either  flame,  without  colouring  the  outer  flame.  (Distinction 
from  lead.)  Heated  with  borax  or  microcosmic  salt,  Bi,Oj  gives 
beads  which  are  yellowish  when  hot,  and  colourless  when  cold.  All 
bismuth  compounds  can  be  reduced  to  the  metallic  state  by  heating 
on  charcoal  with  sodium  carbonate  in  the  inner  or  reducing  flame. 
The  metallic  bead  is  brittle.  (Distinction  from  lead  and  silver 
beads.) 

Reactions  in  Solution. 

Bismuth  dissolves  readily  in  nitric  acid,  forming  Bi(N03)3.  Other 
acids  have  little  or  no  effect,  and  few  real  bismuth  salts  are  known. 
(See  its  position  in  the  "  Natural  Series.") 

SHg  (group  reagent)  gives  a  brownish  black  precipitate  of  bis- 
muthous  sulphide,  Bi^^Sj,  insoluble  in  dilute  acids,  in  alkalies,  and  10 
alkali  sulphides ;  soluble  in  concentrated  nitric  acid. 
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Alkali  sulphides  give  the  same  pi'e^ipitate. 

KROj  NaHO,  and  Nfl^OH  pi*oduce  a  white  precipitate  of  bi&- 
nauthoufi  hydroxide,  Bi{0H)3j  inaoloble  in  excessi. 

Alkali  carbonates  throw  down  a  whit©  bulkj  precipitate  of  basic 

carbonate  (BiO)200p  in  which  the  compound  radical  bismuthyl,  BiO, 

ti^cea  the  place  of  hydrogen.     The  precipitate  is  insoluble  in  excess* 

KjjCr^O^  gives  a  yellow  precipitate  of  basic  chrornate  {BiO)3Gr^Oy, 

i-csidily  soluble  in  dilute  nitric  acid,  insoluble  in  potassium  hydroxide. 

^IDistinction  from  lead  cbroraate-) 

H^SOj  gives  no  precipitate.    (Distinction  from  lead,) 
KI  produces  a  brown   pi^cipitate  of  bismuthous  iodide,   BiJj, 
^soluble  in  excess  to  a  reddish  solution. 

KCy  produces  a  white  precipitatej  insoluble  in  excess,  soluble  in 
£h^cid3. 

Bismuthous  salt®  are  decomposed  hy  waterj  a  basic  salt  being 

precipitated.     The  addition    of  an  acid  reflissolves  the  precipitate, 

Ifhis  constitutes  the  most   characteristic   reaction   for   bismuthous 

salts.      The  salt  most  readily  precipitated  is  the  chloride  (BiCl;^), 

Xtciin  be  prepared  from  the  nitrate  by  precipitating  the  oxide  tirst, 

«.iid  then  hlterjng  and  dissolving  the  precipitate  off  the  filter  with 

lict  dilute  hydrochloric  acid.    Large  excess  of  acid  should  be  avoided. 

OH^  gives  with  BiCl^  a  white  precipitate  of  bismuthous  oxy- 

cliloride,  BiOOlj  which  is  almost  absolutely  insoluble  in  water,  hut 

soluble  in  hydrochloric  acid,  from  which  it  is  re  precipitated  on  the 

^dJition  of  ammonium  or  sodium  chloride,     BiOCl  is  insoluble  in 

"^.rtaric  acid.     (Distinction  from  antimony.) 

Metallic  zinc  pi^ecipitates  bismuth  as  a  black  crystalline  powder 
f''om  its  salts. 

Bismuthous  salts  exhibit  a  strong  tendency  to  form  basic  salts, 
^bowing  that  Bi  is  only  a  feebly  positive  element. 

Other  oxides  of  bismuth  in  addition  to  Bi^jO^  are  known^  e.g.^  bis- 
^nthic  oxide  or  anhydride,  Bij^O^,  and  Bi^Oj  and  Bi'O  no  doubt  also 

(^)  COPPER,  Cu". — Is  often  found  in  the  metallic  st ate,  and  some- 
^^nieii  in  considerable  masses ;  fi'equently  this  **  native  "  copper  eon- 
taitiH  silver ;  also  in  combination  with  oxygen  and  sulphur,  as  red 
*^pper  ore  or  ruby  ore,  Cu^O,  as  vitreous  copper  or  copper  glance, 
^Uj8,  and  indigo  copper  or  blue  copper,  Cu8 ;  more  frequently  as 
^pper  pyrites,  Fe^S^iCu^S,  and  variegated  copper  or  hors^eflesh  ure^ 
Fe^SjjSGUjSj  also  as  fahl  ore,  bourn onite^  etc, ;  in  combination  with 
"^^trbonic  acid,  as  basic  carbonate,  maiachite,  CuC05,-Cu(0H)j,,  and 
^^Urite,  mountain  blue,  or  copper  aaure,  2CiiC0a,Cu(0H)g ;  with  sul- 
Pburic  acid  as  blue  vitriol^  GuHOj^OH^;  with  phosphoric  acid,  as 
Pbosphorocalcitej  libethenite ;  with  arsenious  acid,  us  tennantite ; 
^ith  silicic  acid,  as  dioptase,  and  others. 

Copper  is  the  only  metal  of  a  decided  red  colour.  Its  atomic 
^'eigbt  =  <i3'17  ;  specific  gravity,  8'1)2;  melts  at  1054''  G. 

It  is  very  tough  and  ductile,  takes  a  fine  polish  or  burnish  j  and 
^  one  of  the  best  conductors  of  heat  and  electricity. 
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On  exposure  to  clean  ah'  it  oxidises  very  slowly  at  ordi 
tempei^tures,  but  mpiUly  when  heated  to  redness.  The  dirty  air  of 
towns,  containing  sulphur  compounds,  &c.,  attacks  the  metal  rapidly- 
Water  has  no  action  on  copper  at  any  tempei-atui^e,  but  most  acids 
attack  it,  especiaUt/  if  e^cpased  to  air  at  the  same  time,  AlkalieSj  in- 
cluding lime^  and  especially  ammoni%  also  act  upon  it  under  sim'tlar 
drcumstances. 

Copper,  on  account  of  its  malleability  and  comparatively  higli 
tensile  strength  and  other  physical  properties,  is  much  employed 
alone. 

It  is  also  the  main  component  of  alloys  of  great  technical  iio- 
portance^  such  as  brass,  and  a  number  of  others  designated  generally 
by  the  tei'm  **  bronzes."  Its  oxidetj  and  other  compounds  are  al^ 
employeil  as  colouring-agents  for  ceramic  and  glass  ware,  and  for 
combatting  fungoid  and  other  plant  pests. 

Copper  is  hardened  by  working,  and  can  be  annealed  by  heating^ 
to  about  700°  C.  The  rate  of  cooling  has  no  eflect  on  its  hardnes;?. 
It  is  crystalline,  but  not  markedly  so  unless  very  carefully  annealed 
(see  Fig,  06,  electrolytic  copper,  molted,  i oiled,  and  annealed.) 

Brass  consists  of  copper  and  zinc.  The  two  metals  may  be  melted 
together  in  almost  any  propoition  without  actual  separation  taking 
place  on  solidification.  Whether  brass  is  a  cheniical  compound  or 
simply  a  solid  solution  of  the  one  in  the  other  need  not  here  be  did- 
cussed.  The  compoeition  of  the  ordinary  material  may  be  expressed 
by  the  foroiula  Gu^Zn,  but  much  of  the  brai?s  in  use  contains  nearly 
70  per  cent.  Ou  and  rlU  per  cent.  Zn,  whilst  the  above  formula  re(|iiii'es 
t>6  of  Cu  and  ^4  Ziu 

Zinc  {which  see)  is  highly  crystalline  and  brittle >  Brass  is  hai'dar 
than  copper,  more  malleable  than  zinc,  aud  not  so  coarsely  crystal  lie  i?t 
When  melted  and  cast  in  chill  brass  showrf  a  peculiar  structure,  ^u^ 
no  crystals  on  an  etched  surface  (see  Fig.  (17). 

Oa  annealing  at  800^  C,  for  six  hours  a  crystalline  structure  i^ 
developed  (see  Fig.  61^). 

Brass  after  severe  working  also  shows  no  crystals,  but  a  confused 
struct ui'C  (see  Fig,  UD),  head  of  carfcrii!|;e  case,  portions  of  which  show 
the  iiowiug  of  the  metal,  under  pressure,  and  didocatdon  of  the 
I'egular  sti  ucture),  and  become^s  very  hard.  After  this  stage  eon- 
tinued  working  may  produce  ffacture.  When  this  hard  brass  ^ 
anneal  led  at  950"^  0.  a  lai'go  crystalline  sti^ucture  is  developed  {Be& 
Fig.  70). 

A  temperature  of  about  7 50-- 800°  0.  seems  the  most  suitabla 
The  structure  produced  is  not  so  coarsely  crystalline,  and  (from 
experiments)  it  may  be  ^*  worked  "  toa  greater  extent  after  annealing 
at  this  temperature  than  at  any  other* 

BRONZES  were  originally  alloys  of  copper  and  tin  only.  Melted  tin 
dissolves  copper  somewhat  rapidly,  and  the  two  may  be  mixed  in  alma^t 
any  proportion  whilst  liquid,  but  with  some  separation  on  cooling- 
Sever'fLl  definite  compounds  hvb  foinied.  The  colour  and  haidue^ 
of  copper  are  much  affected  by  comparatively  small  amouuta  of  tin- 


FlCr.  66» — Electrolytic  cci]j|n'i-,  ruHi  li  \un}  unnealed.     (  x  70,) 


Fig.  t(7» — Bmsa  eai^t  \n  uinE!  [70  piii-  cent.  Cu^  30  per 
cent.  Zn).    (  x  75.) 
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Many  alloys  of  copper  are  now  called  bronzes,  although  they  con- 
tain no  tin.  Aluminium  bronze,  for  instance,  consists,  generally,  of 
10  per  cent,  aluminium  and  90  per  cent,  copper. 

Copper  has  the  power  of  dissolving,  if  not  of  combining  with, 
many  metals,  non-metals,  and  even  compounds  of  other  metals,  such 
as  the  phosphides  of  nickel,  chromium,  cobalt,  (fee,  and  with  arsenic 
and  antimony  compounds.  Cuprous  oxide  is  also  soluble  in  the 
metal. 

Many  of  the  bronzes  can  be  cast,  become  hard  on  working,  and 
can  be  annealed  by  heating  to  definite  temperatures.  They  do  not,  as 
a  rule,  harden  on  chilling. 

Gun  metal  contains  from  9  to  10  per  cent.  tin.  Bell  metals  are 
somewhat  similar,  but  often  contain  small  quantities  of  other  metals 
in  addition  to  tin.  Phosphor-bronze  contains  about  2  per  cent,  tin  and 
traces  of  phosphorus ;  coinage  bronze  about  4  per  cent,  tin  and  smaller 
quantities  of  other  metals.  Manganese  and  other  bronzes  contain 
very  frequently  zinc  as  well  as  tin,  and  in  some  cases  tin  is  absent. 
German  silver  is  really  a  brass  containing  about  15  per  cent,  nickel 
(see  "Zinc"). 

When  the  proportion  of  tin  in  real  bronze  exceeds  10  per  cent, 
the  alloy  becomes  too  hard  and  brittle  to  be  worked.  It  also  whitens, 
and  with  30  per  cent,  and  more  of  tin  is  quite  white  and  exceedingly 
hard,  but  brittle.  These  alloys  rich  in  tin  are  sometimes  called 
speculum  metals.  They  take  a  fine  polish,  and  generally  the  surface 
resists  the  atmosphere  well. 

The  copper  alloys  most  largely  employed  after  brass  are  various 
tin-containing  bronzes,  cupro-nickel,  and  manganese  and  aluminium 
bronzes.  The  gold  and  silver  coinage  of  most  nations  contains  also 
copper.  It  has  the  eflfect  of  hardening  gold  and  silver,  when  present 
in  small  amount,  without  serious  detriment  to  the  natural  colour  of 
these  metals. 

Experiments  with  Copper. 

I.  Heated  in  air,  a  clean  metallic  surface  changes  through  many 
colours,  finally  becoming  black.  A  black  crust  detaches ;  this  is  CuO, 
which  does  not  melt  or  change  on  further  heating. 

The  red  oxide,  Cu^O,  adheres  to  the  metal. 
A  wire  easily  melts  in  the  Bunsen  flame. 

II.  With  sulphur  in  tube  it  combines  readily,  forming  a  bluish 
'^laek  mass  which  melts  and  is  crystalline.  It  is  generally  a  mixture 
of  the  two  sulphides. 

III.  Hydrochloric  acid  has  but  little  action  on  a  clean  surface  of 
Metallic  copper  in  the  absence  of  oxygen. 

Strong  sulphuric  dissolves  the  metal  when  boiled  on  it,  SO.,  gas 
^ping.     CuSO,  is  formed.     Cu  +  2  II.SO,  =  CnS( ),  +  SO,  +  2 Il.O. 
.  Nitric  dissolves  it  rapidly,  oxides  of  nitrogen  being  at  the  same 
^ijne  formed.     The  greenish  blue  liquid  on  evapoi-ation  gives  crystals 
of  copper  nitrate,  Cu2(N03),  which  arc  very  soluble  in  water. 

Organic  acids   act   on\j  with   the   aid   of   air   or   on   oxidised 
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The  oxides  dissolve  quickly  in  acids.  They  also  dissolve  in  am- 
monium hydroxide,  giving  either  a  colourless  (cuprous)  or  a  deep  blue 
solution  (cupric). 

IV.  Metallic  copper  is  acted  upon  by  ammonium  hydroxide, 
assisted  by  air  or  any  oxidising  sulatance,  or  salts  of  halogens.  The 
same  blue  compound,  CuN,H^,  as  from  the  oxide  is  formcKi.  Most 
alkaline  substances  also  corrode  the  metal  when  air  and  moisture  are 
present,  a  green  basic  carbonate  being  formed. 

Solutions  of  chlorides  or  nitrates,  in  presence  of  Mr,  also  corrode 
the  metal  somewhat  rapidly.  Melted  ammonium  nitrate  dissolves 
copper  with  considerable  rapidity,  and  the  action  may  become  quite 
explosive  in  character.    • 

Unless  the  copper  surface  be  absolutely  clean,  an  action  is  also 
observable  in  a  few  minutes  on  warming  with  many  organic  com- 
pounds even  when  air  and  water  are  absent. 

Dry  Reactions. 

Copper  minerals  are  very  numerous;  and  as  many  of  them 
exhibit  precisely  similar  blowpipe  reactions,  a  knowledge  of  their 
physical  character  is  indispensable  to  enable  the  student  to  dis- 
tinguish them  readily.  Wet  tests  are,  perhaps,  the  most  delicate  for 
copper. 

The  most  characteristic  dry  reaction  is  that  which  copper  com- 
pounds give  when  heated  in  a  bead  of  borax  or  microcosm ie  salt 
before  the  blowpipe  flame.  The  bead  is  green  whilst  hot,  blue  on 
cooling.  Most  copper  compounds,  when  heated  on  platinum  wire  in 
the  inner  flame,  impart  an  intense  green  colour  to  the  outer  flame. 
A  very  minute  quantity  of  copper  can  be  detected  by  the  spectro- 
scope, or  by  mixii  g  a  small  quantity  of  the  mineral  with  sal 
ammoniac  and  heating  on  platinum  foil  in  a  colourless  flame  (see, 
conversely,  "  Halogens,'*  later). 

All  copper  compounds  are  reduced  when  heated  in  the  inner  flame 
on  charcoal,  together  with  sodium  carbonate  and  potassium  cyanide, 
yielding  red  metallic  scales  or  globules.  Sulphides  give  off  SO,,  when 
roasted  in  an  open  tube,  and  leave  CuO  behind.  Malachite  or  nzurite 
gives  off  water  and  carbon  dioxide  when  gently  heated  in  a  tube. 
Blue  vitriol  loses  water,  sulphur  dioxide  and  oxygen,  and  leaves 
cupric  oxide.  Cupric  phosphate,  arsenate,  and  silicate  fuse  to  coloured 
glassas. 

Cupric  Salts:  Examination  in  Solution. 

Hydrochloric  acid  in  the  presence  of  air  dissolves  copper  slightly, 
forming  a  little  Cu^jCI^,.  Nitric  acid  is  the  most  active  solvent,  forming 
cupric  nitrate.  Sulphuric  acid  (concentrated  and  hot)  dissolves  tbe 
metal. 

The  sulphate,  nitrate,  and  chloride  are  soluble  in  water. 

Cuprous  salts  are  mostly  insoluble. 

SIlj,  (*rroup  reagent)  gives  a  brownish  black  precipitate  of  cupiK* 
sulphide  (hydrated),  CuS,  insoluble  in  dilute  acids;  slightly  sol ui)I^' 
in  yellow  ammonium  sulphide ;  soluble  with  decomposition  in  nitric 
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acid ;  completely  soluble  in  potassium  cyanide  ;  insoluble  in  potassium 
and  sodium  sulphides  or  alkali  hydroxides.  CuS  is  easily  oxidised 
to  the  sulphate  on  exposure  to  air. 

(NH^)3S  produces  the  same  precipitate,  somewhat  soluble  in 
excess,  especially  in  yellow  ammonium  sulphide. 

NaHO  or  KHO  gives  a  light  blue  precipitate  of  Cu(H0)2.  The 
precipitate  turns  black  when  the  solution  is  heated,  and  becomes 
denser,  losing  some  water  of  hydration.  Three  molecules  of  Cu(H0)3 
lose  two  molecules  of  OH,  and  leave  3(OuO),OH2.  In  the  presence 
of  many  organic  substances,  such  as  grape  sugar,  tartaric,  and  a 
number  of  organic  acids,  especially  di-  and  tri-basic  acids  and  sub- 
stances of  the  nature  of  urea,  NgH^CO,  the  precipitate  dissolves  to  a 
deep  blue  solution,  whence  the  whole  of  the  copper  is  reprecipitated 
on  boiling  in  the  form  of  bright  red  cuprous  oxide,  CugO. 

NajCO,,  or  E^OOg,  produces  a  greenish  blue  basic  carbonate,  of 
the  coinposition  CuC03,0u(0H)„  carbon  dioxide  being  evolved.  This 
precipitate  is  converted  on  boiling  into  the  black  precipitate  of 
3(CuO),OHjj.  It  is  soluble  in  ammonium  hydroxide  to  an  azure  blue, 
and  in  potassium  cyanide  to  a  colourless  fluid  containing  a  soluble 
double  cyanide,  Cu(CN),2KCN.* 

Hydroxylamine  or  hydrazine  salts  in  an  alkaline  solution  reduce 
all  copper  salts  first  to  cuprous  oxide  and  then  to  metal. 

Ammonium  hydroxide,  or  its  carbonates,  when  added  in  small 
quantities,  produces  a  greenish  blue  precipitate  of  a  basic  salt,  which 
dissolves  readily  in  excess  of  the  reagents,  and  forms  a  magnificent 
azure-blue  liquid — ^a  blue  which  is  perceptible  if  a  solution  contains 
only  minute  traces  of  copper.  The  blue  colour  is  due  to  the  for- 
mation of  some  cupramine  compound,  whence  the  black  copper  oxide 
separates  on  boiling  with  sodium  hydroxide,  and  ammonia  escapes. 

KCy  gives  a  greenish  yellow  precipitate  of  cupric  cyanide,  CuCy^, 
soluble  in  excess.     SH,  produces  no  precipitate  from  this  solution. 

K^FeCyg  gives  a  reddish  brown  precipitate  of  cupric  ferrocyanide, 
CUjFeCyg,  insoluble  in  dilute  acids,  decomposed  by  potassium  or 
sodium  hydroxide  with  separation  of  SCuOjOHg.  Even  in  extremely 
dilute  solutions  of  copper  salts  a  brownish  colour  is  produced — best 
'•^n  by  looking  through  a  long  layer  of  the  solution. 

Metallic  zinc,  iron,  aluminium,  or  magnesium  precipitate  metallic 
copper,  especially  in  the  presence  of  a  little  free  hydrochloric  acid. 
If  a  few  drops  of  a  slightly  acidulated  dilute  copper  solution  are 
placed  on  platinum  foil  (the  lid  of  a  platinum  crucible),  together  with 
a  small  piece  of  sheet  zinc,  the  platinum  becomes  rapidly  coated 
^th  a  reddish  film  of   metallic    copper,  visible   even  in  the  CR^e 

*  K 

I 

N:C 

N  :6--   Cu        C:X 

C:N 

I 
K. 


IPS  A  COOHSE  OF  PHACTICAL  CHEMISTRY. 

of  very  diluU*  solutionis,  mi  equivalent  quantity  of  zinc  bein^ 
diasolveJ. 

Ammonia  in  a<|ueoui^  solution  is*  rapidly  oxidi^Bd  by  copper  oxide, 
with  the  formation  of  cupraminej  CuNjII,,  in  solution,  nd  possibly^ 
hyUmted.  The  aura©  substance  is  formed  by  the  combined  action  oF 
air  and  ammonium  bydroxid©  on  copper,  and  this  solution  is  largely^ 
used  in  the  manufacture  of  so-(?filled  Willesden  fabrics  and  to  gela- 
tinise cellulose  as  a  preliminar}*^  to  forming  tbe  threada  or  tilaments 
of  carbon  incandeKcenee  electric  lamps,  aitjficial  silkj  Jkc, 

CUPROUS  SALTS* — Copper  resembles  mercury  in  existing  in  com  - 
binatieu  in  two  forms  ;  or  exhibiting  tsvo  degrees  of  extent  ai 
combination  energy  with  other  elements,  expressed  by  the  terms? 
cuprous  and  cupric.  For  instjince,  it  combines  with  oxygen  to  form 
an  oxide,  CuO^  and  another  one  of  half  tbe  oxygen  eon  tent,  Cu^O, 
and  similarly  with  sulphur^  CuB  and  Cu^S,  and  with  the  halogens 
(CuCJ,  and  Ou.OL),  itcj. 

Some  of  the  chemical  energy  of  the  copppr  atom  is  doubtless 
expended   on  itself  or  latent  in  cuprous  compounds,  e.(/,j  Cu30= 

Cuprous  oxide^  when  treated  with  concentrated  hydi^ochloric 
acid,  forms  cuprous  chloride,  Cu^jCl^,  which  is  colourless  when  pmie. 
Other  acids  decompose  it  into  metallic  copper  and  cupric  oxide,  which 
latter  disKolvea  in  the  acid  as  a  cupric  salt.  Cuprous  chloride,  when 
moi^t  or  in  solution,  absorbs  oxygen  readily  and  is  a  powerful 
reducing  agent.  It  combines  with  CO,  and  is  used  in  gas  analysis 
for  this  reason. 

Acetylene,  C^H^,  ethylene,  C^H^^  and  other  unsaturated  hydro- 
carbons, combine  with  cuprous  compoundsj  forming  a  red-coloured 
cuprous  acetyl ide,  &c.  The*4e  are  more  easily  formed  from  ammo- 
niacjil  than  from  acid  sohitions.  They  are  very  insoluble  in  water 
and  are  explosive  when  dry. 

Cupric  salts  treated  with  HO^  and  C^H^  also  give  the  acetylide. 

Cuprous  Compounds. — ^To  a  solution  of  cuprous  chloride,  CUj,Cl^,  in 
concentrated  bydrocliloric  *  acid  add — 

OHg ;  a  white  precipitate  of  Cu^Cl^  is  produced,  because  the  codi^ 
pound  is  dissociated  and  (Ju^CI„isnot  sohible  in  water  or  dUut^  acid. 

KHO  gives  a  yellow  precipitate  of  Cuj,(HO)jf,  insoluble  in  ex- 
cess;  it  attrarjts  oxygen  very  rapidly,  being  convei'ted  into  cnprie 
hydroxide. 

Kl,  in  the  presence  of  sulpliurons  acid  or  ferrous  sulphate, 
precipitates  from  cupric  salt?i  greenish -white  cn]>rout;  iodide,  CuJ„ 
soluble  in  excess  of  the  iodide.t     Both  sulphurous  acid  and  ferrous 

*  Thifl  sohitinfi  fn  HCI  is  tindonhteilly  a  compoimd,  CuX'L^^HCl. 
I  this  is  another  ao-cidled  rlooble  dsaU.,  K— I 1 
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sulphate  are  reducing  agents,  which,  by  the  absorption  of  oxygen 
from  the  cupric  salts,  are  converted  into  H^SO^  and  ¥63(80^3,  thus : 

(1)  20uS0,  +  2FeS0,  =  Cu,SO,  +  Fe,(S0,)3. 
Cupric  Cuprous 

sulphate.  sulphate. 

(2)  Cuj^O,  +  2KI  =  CVs  +  K^SO,. 
Cuprous 
iodide. 

NH^SCy  and  a  reducing  agent,  as  SO,,  form  white  cuprous 
sulphocyanate,  Cu,(SCy)j,  insoluble  in  water,  and  not  affected  by  dilute 
acids  excepting  nitric.  In  the  presence  of  HjjS03  *^^s  precipitate  is 
very  insoluble,  and  gives  a  good  method  of  separation  of  copper  from 
many  other  metals. 

(5)  CADMIUM,  Cd". — Cadmium  occurs  in  nature  along  with  zinc 
minerals  and  resembles  that  metal  to  some  extent  both  in  chemical 
and  physical  properties. 

Greenockite,  CdS,  is  the  only  well-marked  cadmium  mineral,  but 
most  zinc  ores  contain  a  small  amount.  It  is  not  so  coarsely  crystal- 
^e  as  zinc,  nor  is  the  blue  tint  so  well  marked. 

Atomic  weight  =  111 '84.  Relative  weight  =  8  60.  It  melts 
at  315°  0.  and  l^ils  at  770°C.  It  can  therefore  be  distilled,  and  is,  in 
fact,  generally  obtained  from  the  early  portions  of  the  zinc  distillate 
iQ  the  process  of  extraction  of  that  metal.  Cadmimn  vapour  burns 
with  a  brown  flame  or  smoke  of  CdO.  It  does  not  rapidly  rust  in 
^ater,  but  tarnishes  in  air  at  about  the  same  rate  as  zinc. 

It  is  very  malleable  at  the  ordinary  temperature.  (Difference 
'rom  zinc.)  The  common  acids  easily  dissolve  the  metal,  and  alkalies 
^t  upon  it,  but  less  rapidly  than  on  zinc.  It  dissolves  quietly  in 
ammonium  nitrate  solution  with  scarcely  any  gas  evolution.  In  the 
fused  state  ammonium  nitrate  dissolves  the  metal  rapidly,  and  the 
&ial  product  may  "puff  off"  or  almost  explode  if  strongly  heated. 
Cadmium  enters  into  the  composition  of  a  few  alloys  where  "fusi- 
bility "  is  desired.  Most  metals  seem  capable  of  uniting  with  it,  but 
Owing  to  its  low  melting-point  and  its  volatility  it  tends  either  to 
Separate  or  pass  off  in  vapour  if  the  other  metal  has  a  high  melting- 
point.    It  is  less  electro-positive  than  zinc. 

Experiments. 

I.  Heated  in  tube  in  air,  shows  colours  finally  passing  into  brown 
^h  or  oxide,  CdO,  which  does  not  melt  or  volatilise,  but  generally  a 
little  metal  will  volatilise  and  form  a  dark  brown  sublimate  or  mirror 
in  the  tube.  The  oxide  formed  on  the  surface  on  gently  heating, 
telow  melting,  adheres  closely  to  the  metal. 

II.  Sulphur  does  not  unite  very  easily  with  cadmium  when 
Wted  in  the  tube,  but  more  easily  than  with  zinc. 

On  heating  to  the  vapourising  temperature  of  the  metal,  combina- 
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tion  takes  place  very  energetically,  a  beautiful  yellow  sulphide,  CdS, 
being  formed ;  it  is  rosy  red  when  hot. 

III.  Dilute  warm  hydrochloric,  sulphuric,  and  nitric  acids  dissolve 
the  metal  and  form  colourless  crystalline  compounds.  The  acids 
when  cold  and  dilute  act  but  slowly. 

The  oxide  dissolves  readily  in  the  three  acids.  Ammonium 
hydroxide  also  dissolves  the  oxide,  but  not  very  rapidly  after  it  has 
been  heated  strongly. 

IV.  Alkalies  also  dissolve  the  metal,  but  not  so  rapidly  as  is  the 
case  with  zinc. 

Dry  Reactions. 

Cadmium  compounds,  when  mixed  with  sodium  carbonate  and 
heated  on  charcoal  in  the  inner  blowpipe  flame,  give  a  characteristic 
brown  incrustation — i.e.,  they  are  readily  reduced  to  the  metallic 
state  ;  but  the  metal  being  highly  volatile,  is  reoxidised  on  its  passage 
through  the  outer  flame.  Cadmium  is  recognised  with  more  difficulty 
when  it  is  in  combination  with  zinc — as,  for  instance,  in  cadmiferous 
blende.  By  heating,  however,  a  mixture  of  blende  and  sodium 
carbonate  and  potasssum  cyanide  for  a  few  moments  only  on  char- 
coal or  in  a  tube  a  slight  brown  incrustation  is  generally  obtainable 
before  the  zinc  is  volatilised.  Cadmium  oxide  turns  the  bead  of 
borax  or  microcosmic  salt  yellowish  whilst  hot,  colourless  when 
cold,  but  this  is  of  no  use  as  a  test  when  other  substances  are 
present. 

Reactions  in  Solution. 

Most  ordinarily  occurring  cadmium  compounds,  as  sulphate, 
chloride,  iodide,  nitrate,  acetate,  &c.,  are  soluble  in  water,  and  all 
others  are  soluble  in  acids.     They  are  mostly  colourless. 

SHjj  (group  reagent)  gives  from  dilute  solutions  a  fine  yellow  pre- 
cipitate of  cadmium  sulphide,  CdS,  used  as  a  permanent  yellow  paint, 
insoluble  in  alkali  sulphides,  hydroxides,  or  cyanides ;  insoluble  in 
cold,  but  soluble  in  hot,  dilute  nitric  and  hydrochloric  acids ;  soluble 
also  in  dilute  sulphuric  acid.     (Distinction  from  copper.) 

Heiice  the  separation  of  cadmium  hy  Tneans  of  Slf^,  especiaUy  from 
add  solutions,  is  frequently  left  either  incomplete,  or  is  not  effected  at 
all,  in  Group  II.,  U7iless  the  precaution  he  taken  of  nearly  neutralising 
the  free  a^id  with  ammonia,  before  parsing  SU^,  as  well  as  neutralising 
the  mineral  acid  as  fast  as  it  is  liberated  hy  the  SH^, 

(NH^)2S,  same  precipitate. 

KHO,  a  white  precipitate  of  Cd(H0)2,  insoluble  in  excess. 

NH^OH,  same  precipitate,  soluble  in  excess. 

Alkali  carbonate  free  from  caustic  alkali  gives  a  white  precipitate 
of  cadmium  carbonate,  CdCOg,  insoluble  in  excess. 

KCy  gives  a  white  precipitate  of  cadmium  cyanide,  CdCy,,* 
soluble  in  excess.  Sulphuretted  hydrogen  precipitates  CdS  from  this 
solution.     (Distinction  from  copper.) 

*  See  double  cyanides. 
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Metallic  zinc  precipitates  cadmium  from  its  solutions  as  a  crys- 
talline powder,  which  assumes  metallic  lustre  on  rubbing  with  a  hard 
substance. 

Separation  of  the  metals  of  Subdivision  A,  Group  II. — viz.,  mer- 
cury, lead,  bismuth,  copper,  cadmium,  whose  sulphides  are  insoluble 
in  ammonium  sulphide  or  sodium  hydroxide. 

The  precipitate  produced  by  the  group  reagent  SH^,  which  is 
insoluble  in  ammonium  sulphide  or  sodium  hydroxide,  may  consist  of 
all  the  five  sulphides,  or  only  of  one,  two,  &c.  A  precipitate  of  a 
bright  yellow  colour,  e.g,^  would  be  indicative  of  cadmium  sulphide 
only.  If  the  precipitate  is  black,  it  is  necessary  to  examine  for  all 
the  five  metals. 

It  has  already  been  seen  that  the  sulphides  of  the  metals  of  this 
subdivision  are — 

1st.  Insoluble  in  alkalies  and  alkali  sulphides,  and 

2nd.  Insoluble  in  dilute  acids,  or  nearly  so,  but  soluble  in  con- 
centrated acids. 

Concentrated  nitric  acid  (free  from  chlorine),  diluted  with  its  own 
bulk  of  water,  dissolves  four  out  of  the  five  sulphides — viz.,  PbS, 
BijSj,  CuS,  and  CdS — with  separation  of  sulphur,*  mercuric  sulphide 
being  completely  soluble  only  in  aqua  regia.  Hence  by  boiling  with 
dilute  nitric  acid  (in  the  absence  of  HCl)  mercury  may  be  separated 
from  the  other  metals  of  Subdivision  A.  Concentrated  nitric  acid 
converts  PbS  partially  into  PbSO^,  by  the  simultaneous  oxidation  of 
the  sulphur.  HgS  would  be,  therefore,  found  in  the  residue,  as  well 
as  PbSO^  and  S.  But  the  whole  of  the  PbS  can  be  converted  into 
sulphate  only  by  boiling  with  fuming  nitric  acid,  and  as  lead  sulphate 
is  slightly  soluble  in  concentrated  nitric  acid  the  lead  would  not  be 
entirely  removed  as  sulphate.  This  difficulty  is  overcome  by  boiling 
the  whole  of  the  sulphides  with  dilute  nitric  acid,  as  mentioned,  then 
diluting  with  water  and  adding  dilute  sulphuric  acid,  and,  lastly, 
when  cold,  adding  to  the  solution  its  own  bulk  of  alcohol  (methyl- 
ated spirit).  If  a  residue  is  left  it  may  be  white,  indicative  of  the 
presence  of  PbSO^,  or  black,  from  the  presence  of  HgS.  Sulphur 
may  also  be  left.     The  solution  contains  the  metals  Bi,  Cu,  Cd. 

Examination  of  the  Eesidtie. — Lead  sulphate  dissolves  readily  in 
certain  salts,  such  as  ammonium  acetate  or  tartrate,  also  in  strong 
HCl  when  hot.  By  treating  the  residue,  therefore,  with  a  concen- 
trated solution  of  ammonium  acetate,  the  PbSO^  is  dissolved  out. 
The  absence  of  mercury  compounds  may  be  inferred  if  no  black,  but 
only  a  yellow,  residue  of  sulphur  is  left,  and  if  no  mercury  has  been 
indicated  by  the  reactions  in  the  dry  way.  The  presence  of  both 
lead  and  mercury  should,  however,  invariably  be  confirmed  by  special 
tests — viz.,  the  lead  by  means  of  potassium  chromate,  and  the  mercury 
by  heating  the  dry  residue  in  a  bulb  tube  with  dry  sodium  carbonate. 

Examination  of  the  Solution. — It  has  been  seen  that  NH^OH 
precipitates  Bi(H0)3,  which  is  insoluble  in  excess,  whilst  Cu(HO)jj 

♦  A  little  H2SO4  is  also  formed. 
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tind  CJd(llOj)  are  likt^wise  prec^ipibited^  but  are  tioluble  in  cxceiis. 
If  a  white  precipitate  be  obt^iiiied  oti  adding  NH^OH,  the  iDference 
is  that  btismutli  is  pi^esent*  (Should  the  lejid  not  have  been  removed 
entirely,  some  Pb( HO )^  would  bo  also  precipitated.)  The  precipitate 
is  filtered  off  and  well  washed,  then  I'edissolved  in  a.  little  hydro- 
chloric acid  J  and  precipita,ted  by  the  addition  of  much  w^ater.*  The 
ammoniajcal  filtrate  is  of  a  fine  azure- blue  colour  when  copper— even 
iu  amail  quantities — m  present.  If  colourless,  and  if^  by  the  addition 
of  8lljj  a  fine  jellow  precipitate  cornea  down,  the  infei-ence  is  that 
no  copper  in  present,  but  only  cadmium.  If  a  blaek  precipitate 
corner  do^Ti  on  passing  the  gas  through  the  slightly  acid  ulated  (HCl) 
solution,  the  presence  of  copper  and  possibly  of  cadmium  is  indicated. 
These  two  metals  can  be  sepirated  either  by  means  of  KCy  {OdS 
being  insoluble  in  potaa^iuni  cyanide)  or  dilute  sulphuric  acid  (CuS 
being  insoluble  in  hot  dilute  .sulphuric  acid).  Filter  again  ;  in  the 
one  case  copper  is  left  in  solution,  iu  the  other  cadmium.  It  is  not 
difficult  to  identify  these  two  metals  by  special  tests. 

The  separation  of  the  metals  mercury,  lead,  bismuth,  copper,  and 
cadmium  im  therefore  based  upon- — 

1st,  The  insolubility  of  HgS  in  nitric  acid. 

The  formation  of  PbSO^f  and  its  solubility  in  ammoninm 


The   insolubility  of  Bi{H0)3   in  excess  of  ammoniuna  hy- 


2nd 
acetate, 

3rd. 
droxide 

-tth.  Tlio  insolubility  of  CuS  in  dilute  sulphuric  acid,  or  its  solu- 
bility in  potassium  cyanide. 

A  tabular  scheme  for  tlieii^  separation  is  given  in  the  Analytical 
Tables,  Table  II. 

GSOGT   II,      SUBDIVieiOK   B- 

{1)TIN,  Bn''  and  ^^ — This  metal  is  found  in  nature  mainly  in  the 
form  of  tinstone  or  cassiterite J  SnO^, sometimes  combined  with  sulphur, 
as  tin  pyrites,  SnS^  (bell-metal  ore).  The  metal  is  obtained  by  the 
reduction  of  its  oxide,  SnOj,^  by  carbon  at  a  high  temperature.  It  is 
white,  with  a  slight  yellow  tint.  Atomic  weight^  117*70 ;  rela- 
tive weight,  7-29  j  melting-point,  2'i(H^''  0.  ;  boils  between  1450°  and 
1  fiOO"  C.  Soft,  but  does  not  mark  paper  like  lead.  Tin,  although  very 
malleable,  is  a  very  crystalline  metal,  as  may  be  noticed  when  a  piece 
is  treated  with  a  dilute  acid — crystalline  markings  appear;  also  on 
bending  a  creaking  or  "scream'*  is  noticed  ^  due,  doubtlessj  to  the 
rupture  of  contact  between  crystal  faces.  This  element  is  related  to 
carbon  (see  Newland^s  table,  ante). 

Tin  m  much  used  alone  in  the  foim  of  tinfoil,  and  also  in  many 
alloys.  Tin  **  ware  *'  is  iron  cotited  with  tin — a  superficial  alloy  only. 
Copper  is  **  tinned  '^  for  protection  against  chemical  actions.  Some 
bronzes  contain  tin  (see  "  Copper  ").  Pewter  should  be  tin  with  I 
or  2  per  cent,  only  of  lead, 

^  Much  water  here  means  poaring  the  3  or  5  c.c-  of  solutioti  into  about 
500  c.c,  of  water, 


:  "'■  ] 
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Bry  Beacttons. 

When  tin  odnemls  are  fuHed  on  charcoal,  with  sodium  carbonate 
and  potassium  cyiiiiid©,  in  n  strongly  reducing  flame,  they  yield  small 
globules  of  tin  which  are  tualleiible,  and  the  charcoal  becomeH 
covered  with  a  white  coating  of  SnO^,,  If  this  white  inci'ustation 
be  treated  with  a  sohition  of  cobalt  nitrate,  and  strongly  heated,  it 
assumes  a  bluish  green  colour,  which  h  cliaracteristic  of  tin,  but  ia 
not  to  be  trusted  to  when  other  metallic  oxides  are  present*  I  ntyjluble 
etannic  oxide,  SnOj,  or  the  native  oxide,  may  also  be  fused  with 
KlIO  in  a  silver  crucible,  and  thus  converted  into  potaRsinm  stan- 
nate,  soluble  in  water ;  or  it  may  be  rendeied  soluble  by  fusion  on 
chai'coal  with  3  parts  of  sodinm  carbon ato  and  3  of  gulphur,  when 
sodium  sulphostannate  ia  formed,  which  is  soluble  in  %vater,  but  is 
decomposed  and  precipitated  as  8nS^  by  means  of  hydrochloric  acid. 
By  introducing  into  a  borax  bead — in  wdiieh  sufficient  cvipric 
oxide  has  been  dill  used  to  render  the  bead  faintly  blue — traces  of  a 
stannous  compound  and  heating  it  in  the  reducing  flainej  the  bead 
turns  reddish  brown  or  forms  a  ruby-red  gla^,  owing  to  the  reduc- 
tion of  the  copper  compound  to  red  cuprous  oxide- 
Tinstone  being  insoluble  in  acids,  must  be  fused  with  alkali 
carbonates  and  a  reducing  agent,  such  as  pottissium  cyanide,  char- 
coal, or  black  11  ux  (ignited  Rochelle  salt),  ivlien  metallic  tin  k 
obtained. 

Tin  is  capable  of  forming  two  series  of  ealts,  of  oxides,  sulphides*^ 
*fec.,  viz, ; 


StannouA  eompounfh^ 

Strtmif'c  eottipounds. 

SnClj,    Stannous  chloride. 
ISnO              „          oxide. 
SaSO^          „         eolphate. 
finS             ,.         sulphide, 

Sn^*0l4  Stannic  cblonde. 

Sn^^Oa        „        oxide  (anhydride) 

Sn^'Sg         ,,        Btilphide.  ' 

Btannic  acid,  H^SnO^,  combines  not  only  with  the  strong  alkali 
bases,  OK,,  ONajj,  but  even  with  stannous  oxide^  SnO,  to  forni 
stannates,  e,g.^  K^SnOj,  dipotaasium  stannate;  SnSuO^,  stannetii^ 
Stan  nate. 

Reactions  in  Solution. 

A,  JS&annmis  Compounds* — A  solution  of  stannous  chloride,  SnCly, 
is  employed. 

BlI^  (group  reagent)  gives  a  dark  brown  precipitate  of  stannoas 
sulphide,  SnS,  insoluble  in  ammonium  hydroxide ;  nearly  insoluble 
in  normal  ammonium  sulphide,  bat  re^ulily  dissolved  in  the  presence 
of  sulphur  or  by  the  yellow  sulphide  ;  from  this  latter  solution  it  is 
reprecipitated  as  yellow  stannic  sulphidoj  BnSj,,  on  the  addition  of 
hydrochloric  acid.  It  is  also  soluble  in  potassium  or  sodium  hy- 
droxides, from  which  hydrochloric  acid  precipitates  SnS  unchanged. 
Soluble  in  boiling  hydrochloric  acid, 

(NH^)3S  gives  the  same  precipitate.     Soluble  in  large  excess. 

KHO  OL-  NaHO  gives  a  white  bullcy  precipitate  of  2(SnO),OHj, 
soluble  in  excess  to  potassium  stannite,  K^SnO,. 
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Ammonium  hydroxide  or  carbonate,  same  precipitate,  insoluble  in 
excess. 

By  far  the  most  interesting  reactions  are  based,  however,  upon 
the  tendency  of  stannous  salts  to  become  converted  into  stannic 
salts.  SnCl,  combines  directly  with  two  more  atoms  of  chlorine  to 
become  SnCl^,  whereby  the  chemical  affinities  of  tin  for  chlorine 
become  satisfied.  Stannous  compounds  may  be  viewed  as  un- 
satisfied bodies,  which  can  deprive  certain  other  bodies  of  chlorine, 
oxygen,  &c. 

HgClj  added  to  a  solution  of  SnCl,  produces  first  a  white  precipi- 
tate of  mercurous  chloride,  Hg^Clg,  and  when  boiled  with  excess  of 
SnClg  a  greyish  powder  of  metallic  mercury. 

CuCl,  is  reduced  by  SnCl,  to  cuprous  chloride,  Cu^Clg,  with  forma- 
tion of  SnCl^. 

Fe,Clg  yields  two  atoms  of  chlorine  to  SnCl^,  forming  SnCl^,  and 
leaving  two  molecules  of  FeClj.  The  yellowish  solution  turns  green 
or  colourless. 

Potassium  permanganate  or  dichromate  solutions,  in  the  presence 
of  an  acid,  become  colourless  and  green  respectively  when  SnCl^  is 
added  to  them. 

AuClj  gives  with  SnCl^  a  purple  precipitate  (purple  of  Cassius), 
which  may  be  viewed  as  Au^  +  SSnO^.  The  change  may  be  expressed 
thus :  2AUCI3  +  SSnCl^  +  60H,  =  Au^  +  3SnO,  +  12HC1. 

This  is  a  most  delicate  reaction,  especially  when  the  SnOl^  contains 
alHtleSnCl,. 

B.  Stannic  Compounds, — A  solution  of  stannic  chloride,  SnCl^,  or 
bromide,  SnBr^,  is  almost  the  only  form  in  which  it  can  be  employed 
for  these  tests.  These  compounds  are  decomposed  by  much  water, 
80  the  solution  must  be  fairly  strong  and  have  a  slight  excess  of 
acid  (HCl). 

8H,  (group  reagent)  gives  a  yellow  precipitate  of  stannic  sulphide, 
SnS„  resulily  soluble  in  alkali  sulphides,  potassium  hydroxide,  boiling 
ooDcentrated  hydrochloric  acid,  and  aqua  regia ;  soluble,  although 
somewhat  slowly,  in  ammonium  hydroxide  (distinction  from  SnS), 
and  insoluble  in  ammonium  hydrogen  carbonate. 

(NH^),S,  same  precipitate,  soluble  in  excess. 

KHO  or  NaHO  produces  a  white  precipitate  of  stannic  hydroxide, 
H^nO,,  or  stannic  add,  which  is  completely  soluble  in  excess,  forming 
potassium  or  sodium  stannate,  soluble  in  hydrochloric  acid. 

NH^OH  precipitates  the  hydroxide;  excess  redissolves  it  but 
slightly.     Tartaric  acid  prevents  the  precipitation. 

Soluble  carbonates  give  the  same  precipitate. 

Stannic  chloride  furnishes  an  interesting  case  of  precipitation — 
viz.,  by  means  of  neutral  salts,  such  as  sodium  sulphate,  ammonium 
nitrate  (in  fact,  most  neutral  salts).  Metastannic  acid,  HjoSnp,^,  is 
precipitated  on  heating,  provided  the  solution  of  stannic  chloride  is 
not  too  acid,  thus  : 

5SnOL+    20Na^,+  15OH3  =  H,,Sn,Oj,+    20NaCl  +  20NaHSO,. 
58nCl,  +  20NH,NO3  +  150H,  =  "R.^^nfi,,  +  20NH,01  +  2OHNO3. 
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Metallic  zinc  precipitates  from  acid  solutions  of  stannous  or  stannii 
chloride  metallic  tin  in  the  form  of  grey  laminae,  or  of  a  spongy  masi 
which  can  be  readily  dissolved  in  hydrochloric  acid,  especially  wher 
in  contact  with  a  piece  of  platinum  foil.  Metallic  iron  produces  n« 
precipitate,  but  reduces  to  a  stannous  salt. 

Metallic  tin  reduces  stannic  to  stannous  chloride,  thus  : 

SnCl,  +  Sn  =  2SnCl,. 

Copper  similarly :  2Cu  +  SnOl^  =  SnCl,  +  Cu.Cl,. 

A  solution  of  stannous  chloride  (containing  hydrochloric  acid] 
cannot  be  kept,  when  exposed  to  air,  without  changing  to  stannic 
chloride  and  insoluble  stannous  oxychloride,  Sn,001,,  on  account  of 
the  great  attraction  which  stannous  salts  possess  for  oxygen,  thus  : 

(1)  2SnCl,  +  O  =  Sn,OCl,  +  CI,. 

(2)  SnCl,    +01,  =  Sn01,. 

Hence  granulated  metallic  tin  or  pure  tinfoil  is  usually  put  into 
stannous  chloride  solutions  in  order  to  prevent  the  oxidation,  and  an 
excess  of  free  acid  to  prevent  precipitation. 

(2)  ANTIMONY,  Sb'"  and  ^.— Is  sometimes  found  in  the  metallic  state ; 
also  in  combination  with  oxygen  as  white  antimony,  SbjO,,  but  more 
frequently  as  sulphide,  Sb^Sg  (grey  antimony,  stibnite),  and  in  com- 
bination with  other  metallic  sulphides  (Ag^S,  PbS,  Cu,S),  as  sulph- 
antiinonite  and  sulphantimonate. 

Metallic  antimony  is  eminently  crystalline,  brittle,  and  of  a  bluish 
grey  colour.  Atomic  weight  =11 9*6  ;  relative  weight,  6*71.  Melts 
at  440°  C,  and  boils  between  1090°  and  1450°  C. 

It  combines  with  many  metals,  forming  distinct  compounds,  most 
of  which  are  hard,  crystalline,  and  brittle.  Type  metal  contains  about 
15  per  cent.,  and  other  lead  alloys  smaller  amounts.  Where  ductility 
or  malleability  is  desired  antimony  must  be  absent.  Its  presence  is 
therefore  in  many  cases  objectionable — as,  for  instance,  in  copper  or 
brass.  It  is  the  "  hardening  "  element  in  some  alloys  of  lead  and  tin. 
When  heated  it  gives  off  vapour  below  the  temperature  above  given 
as  the  boiling-point. 

Water  and  acids,  with  the  exception  of  nitric,  have  little  or  no 
action  at  ordinary  temperatures.  It  combines  with  oxygen,  sul- 
phur, and  the  halogens  directly,  and  with  considerable  energy,  in  two 
degrees,  forming  two  distinct  classes  of  compounds. 

Antimonious  compounds.  Antimonie  compounds, 

SbClo    Antimonioas  chloride.  SbCI^     Antimonie  chloride. 

SbgOg  „  oxide.  SbaOg  „        oxide. 

SboSg  „  sulphide.  SbaSg  „        sulphide. 

HSbOs  Metantimonious  acid.  HSbOj   Metantimonic  acid. 

Both  these  acids  can  enter  into  combination  with  stronglbasei^ 
such  as  the  alkalies,  to  form  weak  salts — metantimonites  and  metis 
antimonates,  viz. : 
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KSbOj,,  Potassium  metantimonite. 
KSbOj,  Potassium  metantimonate. 
NaSbO,,  Sodium  metantimonate. 

Sb,0^  is  formed  when  antimonic  oxide  (obtained  by  the  action  of 
nitric  acid  upon  antimony)  is  ignited.  This  compound  is  of  some 
importance,  as  it  serves  for  the  quantitative  estimation  of  antimony. 

Experiments. 

I.  Heated  in  air,  the  metal  melts  readily  and  begins  to  give  off 
white  vapours,  which  condense  on  cooler  parts  of  tube.  A  white 
crystalline  oxide  forms  on  and  surrounds  the  globule  of  melted  metal. 
It  is  SbgOj,  which  fuses  to  a  yellow  mass  and  begins  to  sublime  at  a 
red  heat. 

II.  Heated  with  sulphur,  combination  easily  takes  place,  some 
of  the  product  sMiming  to  the  upper  part  of  the  tube  by  the  heat 
evolved.     The  product  is  a  reddish  black,  especially  the  sublimate. 

III.  Hydrochloric  acid  has  no  action  on  the  metal.  Sulphuric, 
even  when  concentrated  and  hot,  has  only  a  very  slow  action. 

Nitric  oxidises  the  metal  to  a  white  amorphous  powder  containing 
SbjOj  and  SbjO^,  which  is  quite  insoluble  in  nitric  acid,  but  dissolves 
in  some  other  acids  and  in  alkaline  solutions. 

Alkali  hydroxides  dissolve  both  the  oxide  produced  as  in  I., 
or  the  sulphides  as  in  II.  The  metal  is  unaffected  by  alkalies  or 
ammonia. 

N.B. — If  the  melted  globule  obtained  in  I.  be  thrown  out  on  to 
*  large  piece  of  paper  it  will  break  up,  and  the  small  globules  will  glow 
brightly  and  flow  over  the  paper,  leaving  white  and  brown  lines  or 
stroiks,  partly  oxide,  partly  metal,  showing  that  both  metal  and 
oxide  were  in  vapour. 

%  Reactions. 

On  heating  metallic  antimony  or  an  antimony  mineral — e.g,,  grey 
antimony — ^with  free  access  of  air,  either  on  charcoal  or  in  a  glass 
tube  open  at  both  ends,  dense  white  fumes  of  antimonious  and  anti- 
monic oxides  are  given  off,  which  condense  on  the  colder  part  of  the 
charcoal  or  glass  tube,  thus  :  Sb.Sg  +  90  =  Sb.Og  +  3S0,. 

All  compounds  of  antimony  can  be  reduced  to  the  metallic  state 
when  heated  on  charcoal  with  sodium  carbonate  and  potassium 
CTanide.  A  brittle  globule  of  metallic  antimony  is  obtained,  giving 
off  dense  white  fumes  of  Sb^Og  (even  after  the  withdrawal  of  the 
metal  from  the  flame),  which  thickly  encrust  the  metallic  globule 
with  a  network  of  brilliant  acicular  crystals. 

This  is  sometimes  difficult  to  bring  about. 

Reaetions  in  Solution. 

Chlorine  and  bromine  attack  antimony  violently,  forming  with  it 
SbCl,  and  SbBr,,  or  SbOl^  and  SbBr^,  according  to  the  proportions 
of  halogen  employed  and  the  temperature  at  which  the  combination 
takes  place.  Hydrochloric  acid  has  no  action  upon  the  metal,  but 
aqua  regia  dissolved  it  readily  to  SbOl^.     Nitric  acid  converts  it  into 
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a  compound  containing  Sb^O,  and  Sb,Og,  insoluble  in  nitric  acid, 
soluble  in  tartaric  acid.  Grey  antimony..  Sb,Sj,  as  well  as  Sb^S^, 
dissolves  in  concentrated  hydrochloric  acid,  with  evolution  of  sul- 
phuretted hydrogen,  the  latter  sulphide  with  separation  of  sulphur. 
Two  distinct  classes  of  compounds  exist. 

A.  Aiitiinonicms  Compounds, — Antimonious  chloride  dissolved  in 
a  little  HCl  or  tartar  emetic,  potassium  antimony  tartrate,  also  in 
dilute  HCl,  will  give  the  under-mentioned  reactions.  There  are 
scarcely  any  '*  salts  "  of  antimony. 

SH,  (group  reagent)  gives  an  orange-red  precipitate  of  hydrated 
antimonious  sulphide,  Sb^j,  soluble  in  alkali  sulphides  and  in 
potassium  or  sodium  hydroxides ;  reprecipitated  by  hydrochloric 
acid ;  slightly  soluble  in  ammonium  hydroxide ;  all  but  insoluble 
in  hydrogen  ammonium  carbonate  and  in  hydrogen  ammonium  or 
hydrogen  potassium  sulphites.  It  dissolves  in  boiling  concentrated 
hydrochloric  acid. 

Temperature  and  concentration  of  the  reagents  produce  reciprocal 
effects.*  •  In  a  cold  dilute  hydrochloric  acid  solution  the  SbClj  ex- 
changes its  chlorine  for  sulphur  with  SH,,  Sb^S,  being  precipitated, 
whilst  boiling  concentrated  hydrochloric  acid  dissolves  Sb^Sg  readily, 
with  evolution  of  SH,. 

(NHJ^S  produces  the  same  precipitate  as  SH,,  soluble  in  excess. 

KH()  or  NaHO  precipitates  antimonious  oxide,  SbaOj,  readil^^ 
soluble  in  excess,  with  formation  of  potassium  antimonite. 

NH^OH,  same  precipitate,  almost  insoluble  in  excess. 

Soluble  carbonates,  the  same  precipitate.    CO,  is  evolved. 

OHjj  decomposes  SbClj,  forming  a  white  insoluble  basic  saXt, 

antimonious  oxy chloride,  SbOCl,  soluble  in  tartaric  acid.     (Distiii.<^- 

tioh  from  bismuthous  oxychloride,  BiOOJ.)    .Water,  therefore,  gives 

no   precipitate   with   a   solution  of   potassium  antimonyl  tartra*"*^ 

CO  K 
(tartar  emetic)  C,H2(0H)jj^.^=^«,  ^ ;  and  alkalies  and  alkali  carbonat>es 

produce  a  partial  precipitation  only  after  some  time. 

Metallic  Zn,  Cu,  Cd,  Fe,  Al,  Sn,  and  Pb  precipitate  the  metal  ^^ 
the  absence  of  free  nitric  acid  as  a  black  powder.  Some  SbHg  is  lial:>l® 
to  be  formed. 

A  rather  delicate  reaction  for  antimony  consists  in  precipitatiuf 
the  metal  from  a  dilute  hydrochloric  acid  solution  on  platinum  foil 
or  on  the  lid  of  a  platinum  crucible,  by  means  of  a  small  strip  of 
metallic  zinc.     H  and  SbHg  (antimonietted  hydrogen)  are  evolv©"' 

*  These  are  mostly  mass  reactions.  The  student's  attention  might  ba^® 
been  drawn  to  them  sooner.  As  a  role,  perhaps  when  more  is  known,  without 
exception,  a  chemical  reaction  is  a  reversible  cycle. 

a     M"     +  nHgO  =  Ha  +  M"0  +  n  -  IH2O. 
b    WO  +  nHg     =  M"  +  H2O  +  n  -  2H. 

For  the  completion  of  each  of  these  equations  it  requires  that  n  mnsj 
have  a  considerable  value.  These  actions  may  be  compared  to  a  crowd  ot 
moving  molecules  succeeding  in  pushing  one  or  two  of  their  number  int<? 
some  difficult  position. 
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and  the  platinum  is  stained  brown  or  black  by  the  deposited  metal, 
(or  hydride,  Sb,H^).  Mere  traces  of  antimony  can  thus  be  discovered. 
The  stain  is  little,  if  at  all,  affected  by  hot  dilute  hydrochloric  acid, 
but  disappears  on  heating  with  nitric  acid.  (Tin  gives  no  black  stain 
on  platinum.)  The  finely  divided  metal,  as  precipitated  by  zinc,  is 
more  readily  acted  upon  by  acids  than  when  in  a  compact  state. 
This  is,  however,  a  general  property  of  metals. 

Compounds  containing  triad  antimony  exhibit  a  tendency  (less 
marked,  however,  than  in  stannous  compounds)  to  combine  with 
more  chlorine,  &c.,  and  to  pass  into  antimonic  compounds. 

The  following  are  some  of  the  reactions  naturally  arising  from 
this  tendency  of  antimonious  compounds  : 

When  a  current  of  chlorine  gas  is  passed  over  solid  SbOlj, 
chlorine  is  absorbed;  the  trichloride  liquefies,  forming  penta- 
chloride : 

SbCl3  +  CI,  =  SbCl,. 
Solid  Liquid 

antimonious  antimonic 

chloride.  chloride. 

Sodium  motantimonite,  NaSbO,,  is  oxidised  in  the  presence  of 
Sodium  hydroxide  by  free  iodine,  with  formation  of  sodium  metanti- 
^onate,  NaSbO,  and  Nal,  thus  : 

NaSbO,  +  I,  +  2NaH0  =  NaSbOg  +  2NaI  +  OH. 

-A  hydrochloric  acid  solution  of  SbClg  reduces  AuOlj  to  metallic 
gold  (frequently  with  separation  of  HSbOg),  thus  : 

SSbOlj  +  2AUOI3  =  3SbCl,  +  Au,. 

Sodium  motantimonite  is  oxidised  in  an  alkaline  solution  by 
*5&^iitic  oxide,  OAg„  to  sodium  metantimonate,  a  lower  oxide  of 
silver  or  perhaps  metallic  silver  *  being  formed,  which  is  insoluble  in 
*^Oionium  hydroxide,  OAg,  being  readily  soluble.  (Distinction 
between  Sb^O,  and  Sb^O^.) 

'-The  several  reactions  may  be  expressed  as  follows : 

(1)  SbCl,  +  4NaH0  =  NaSbO,  +  3Na01  +  20H,. 

Sodium 
motantimonite. 

(2)  2AgN03  +  2NaH0  =  OAg,  +  2NaN03  +  OH,. 

Argentic  oxide 
(insoluble  in  NaHO, 
soluble  in  NH^OH). 

(3)  NaSbOg  +  20Ag3  =  NaSbOg  +  OAg,. 

Black  argentous 

oxide  (?)  (insoluble 

in  NH4OH). 

I^a^SjOg  (sodium  thiosulphate)  precipitates  Sb^Sg,  thus: 

3Na,S,03  +  Sb.Og  =  Sb,S3  +  3Na,S0,. 

**  There  is  still  some  question  as  to  the  composition  of  these  silver  com- 
^^Hds,  although  a  good  deal  of  work  has  been  done  on  them. 
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j'j""«  if  -niciL  cmic»  fi^.L 

"f^  ^m£a.  ZTTDBL  k  fixuxiSiiiL  «c  HSfciJ,  ia  exccss  of  hydroch 
uksil  UL    iiruiA?}^  jc^fsinnsLSt  :c  ULCiaiiuf-  £olphide«  Sb^.,  mixed 
^i.*^.  iniL  ^    Toitmiifr  in.  LlffcT  j;xLr^iie&.  readilT  soluble  in  ammon 
IF  jfpaaaBnjD.  Iponsbios  i  :&jco  iirt^ibfte  in  bofling  concentrated  by 
suniri:  MSkL  vaiiL  ^Firiin^^fL  cc  SH.  and  deposition  of  S ;  only 
ion^^mdj  xiuhiit  =x  acui  xyitQeetL  ammoniiun  carbonate. 

.  VH.^^S.  ^aait  pr«ec7£Sa2e«  aohiUe  in  excess. 

WscTins  iSLJziukSt  Sxs  BrX  reduce  antimonic  compounds. 

AT^iTTTtriia;  xmz^z-tzzf^  like  acannic  salts,  can,  under  certain 

•I»L  'j-nf^g  MLiEHOoic  anhvdiide,  it  splits  up    into  Sb,0^ 


Sc^ri.  precxpi;a(»  HSb«>,  firom  a  hydrochloric  acid  solutv 
H>o«I»j.  ^e  StClj  bmig  eonTerted  into  SnCl^. 

%>tL  ttxiing  a  solntion  of  HSbO,  in  hydrochloric  acid,  wl 
some  SbC*l.  is  prodoced,  with  potassium  iodide,  iodine  is  lil> 
colouring  the  solution  brown.     Iodine  is  set  free  because  S' 
being  heated  with  KI  behaves  thus:  SbCI^  +  2KI  =  2K0I  + 1,  - 
The  liberated  iodine  is  readily  recognised  by  means  of  thi 
iodine  reaction.*     (Distinction  between  antimonious  and  ai 
compounds.) 

SbCij  is  useful  in  a  number  of  cases  as  a  "  conveyor ' 
organic  compounds. 

(3)  ARSENIC,  As'"  and  \— This  element  la  ^^t^  widfllS 
in  small  quantities  in  nature  in  a  state  of  coTiv\i\^j4tioTi-  ^^i 
found  native,  but  exists  mast  frequentl-^^    xvt\\\j£4 
realgar,  As^jS,,  and  as  orpiment,  As^Sg,  or  b:^^ '^\jsfl 
Honious  anhydride)  ;  with  metals  it  e3ci^\^^        ^ 
copper  nickel,  ASj^Ni^,  and  in  smaltine,  -^^1 
more  like  a  metalloid  than  a  metft]*     ^WV_ 
found  in  combination  with  met&B^^ 
of  Ag,  Ko,  Ni,  Co,  Cu,  <feo-,  ^    *^^ 
arHonioal  pyrites,  FeAs^Ff^ 
NiA^vNiS,,  »uid  in  cobal* 

•  St)t>  tt>s»t  for  ioditt*  ^ 
ooiii{Hmnd  of  ioiUut  mi4 
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the  form  of  metallic  arsenates,  such  as  calcium,  magnesium,  nickelous, 
cobaltous,  lead  arsenates  ;  for  example,  in  the  mineral  pharmacolite^ 
CajAsjOy,60H,  (calcium  pyrarsenate),  in  nickel  ochre,  NigASgOgjOOH,, 
in  cobalt  bloom,  COjASjOgjSOH,,  and  in  mimetesite,  SPbjAsgOgjPbClg, 
In  still  smaller  quantities  or  traces  it  is  present  in  coals,  some  waters, 
and  many  minerals,  as  iron  ores. 

Metallic  arsenic  is  highly  crystalline,  of  a  dark  grey  colour,  and 
exceedingly  friable.  Its  atomic  weight  =  74*9;  relative  weight,  5'73. 
It  does  not  melt  before  volatilising  at  the  ordinary  pressure,  but 
under  considerable  pressure  appears  to  melt  at  a  red  heat.  It  passes 
into  vapour  slightly  at  all  temperatures  and  sublimes  in  crystals ; 
distils  readily  at  449-450°  C.  It  oxidises  on  exposure  to  air  super- 
ficially, and  also  on  contact  with  water  slowly.  Acids  have  no  action 
upon  it  in  the  sense  of  forming  salts.  Nitric  acid  oxidises  it  to 
arsenic  acid.  Other  substances  containing  oxygen  also  attack  it. 
Alkalies  dissolve  it,  hydrogen  being  liberated.  It  combines  directly 
with  sulphur  and  the  halogens,  in  addition  to  oxygen,  in  two  degrees, 
fonning  arsenious  and  arsenic  compounds.  All  these  compounds  are 
volatile,  mostly  without  decomposition.  It  alloys,  or  unites,  with 
most  other  metals,  and  imparts  hardness,  fusibility,  and  brittleness, 
even  when  in  small  quantity.  This  appears  to  be  due  to  the  for- 
mation of  arsenides,  which  then  dissolve,  forming  solid  solu- 
tions (see  "Steel,"  &c.),  as  is  the  case  with  carbides,  oxides, 
sulphides,  &c.  In  addition  to  the  effects  above  mentioned,  the 
arsenide  when  contained  in  this  state  tends  to  separate  out  into 
veins,  &c.,  to  segregate,  thus  causing  dangerously  weak  places  in 
the  metal. 

Traces  of  arsenic  are  almost  in  variably,  found  in  commercial  S, 
Fe,  Cu,  Zn,  Sn,  H,  H,SO„  and  HCl.  On  account  of  the  solubility 
of  its  oxides,  arsenic  is  found  in  some  mineral  waters  and  in  the 
deposits  from  them. 

Arsenic,  as  element,  is  scarcely  employed  ;  one  or  two  alloys — 
shot,  for  instance — contain  it.  Its  compounds  both  with  oxygen 
and  sulphur  and  salts  of  the  acids  it  forms  are  very  largely  used. 

In  its  chemical  nature  it  shows  a  strong  resemblance  to  phosphorus, 
and  less  distinctly  to  nitrogen. 

Experiments. 

I.  Heated  in  the  tube  (N.B.,  a  very  small  particle  only  to  be 
nsed),  the  metal  gives  off  vapour,  part  of  which  is  condensed  on  the 
npper  cool  end  of  tube.  A  white  ring,  and  generally  also  a  black 
or  brown  ring,  is  formed  alongside,  but  nearer  the  heated  part  of 
tube.  A  very  unpleasant  odour  is  perceptible  whilst  the  substance 
is  vapourising.  The  white  ring  is  generally  crystalline,  As^Og ;  it 
dissolves  in  hot  water.  The  brown  ring  is  dull  and  amorphous, 
and  the  black  one  is  shining,  but  not  distinctly  crystalline. 

II.  Heated  with  sulphur,  a  yellow-red  substance  is  immediately 
formed,  which  sublimes  very  easily  from  one  part  of  the  tube  to 
another.  It  is  darker  whilst  hot  than  when  cold.  It  is  a  sulphide, 
and  may  be  As^j  or  As^S^. 
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III.- Acids  have  no  solvent  action.  Nitric  acid  oxidises  it  to 
ASyOj  or  ASyOj,  which  dissolves  slightly. 

Ammonia  has  no  action  on  the  metal,  but  dissolves  the  oxide 
from  I.  or  fi-om  III.,  and  also  the  sulphide^in  II.  Alkalies,  KHO 
and  NaHO,  dissolve  the  metal  with  evolution  of  hydrogen ;  the  oxides 
and  sulphides  also  dissolve  in  alkaline  solutions.  The  hydrogen 
evolved  is  not  pure,  but  contains  always  some  AsH, ;  great  care  must 
be  taken  not  to  breathe  this. 

Dry  Reactions. 

Arsenic  can  be  completely  volatilised.  When  heated  in  contact 
with  air,  either  on  charcoal  or  in  an  open  tube,  it  burns  and  forms 
arsenious  anhydride,  Aj^fi^,  which  gives  a  peculiar  fume  and  coloured 


Fig.  81. 

flame  and  most  characteristic  odour.*  Arsenical  compounds  give  the 
same  indications  when  heated  by  themselves  on  charcoal  in  the  re- 
ducing flame,  and  on  the  addition  of  sodium  carbonate  and  potassium 
cyanide,  whether  the  arsenic  be  present  as  arson ite  or  arsenate. 
The  blowpipe  experiments  should  be  performed  with  great  caution, 
since  arsenical  fumes  are  poisonous.  The  reaction  being  so  very 
delicate,  very  small  quantities  only  of  the  substance  need  or  should  be 
operated  upon. 

When  arsenical  compounds  are  heated  in  a  bulb  tube  (Fig.  81  or 
82),  mixed  with  a  proper  reducing  agent  (such  as  sodium  carbonate 
and  charcoal  powder  or  black  flux),t  metallic  arsenic  sublimes  and  is 
deposited  in  the  shape  of  a  lustrous  steel-grey  mirror,  6,  in  the  upper 
part  of  the  tube. 

ASjOg,  and  some  arsenites,  when  heated  with  a  carbonate  as 
CaCOj,  calcium  carbonate,  or  K^COa  ^^  ^^2003,  give  a  sublimate  of 
metallic  arsenic  along  with  some  oxide.  The  whole  of  the  arsenic 
present  as  arsenite  is  not  given  oflT. 

Reactions  in  Solution. 

Chlorine  attacks  arsenic  violently,  forming  a  highly  poisonous 
and  volatile  liquid,  arsenious  chloride,  ASCI3.      Hydrochloric  acid 

*  The  odour  of  arsenic  vapour  is  said  to  resemble  that  of  garlic.  They 
are  somewhat  alike. 

t  See  "  Reagents,"  Appendix.  This  reagent  should  be  a  mixture  of  dry  soda- 
lime  and  charcoal  in  fine  powder.  It  then  answers  for  Hg,  NH4,  A?,  and  Cd 
compound  f .  Black  flux,  made  by  igniting  Rochelle  salt,  is  still  better  as  a 
reducing  agent. 
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does  Dot  act  upun  arsenic  ;  nitric  acid  oxidises  it  to  ai'senious  and 
arsenic  acids,  according  to  the  concentration  of  the  acid. 

j\isenic  forms  two  oxides,  sulphides,  tfeCj  and  two  wall  charac- 
terised sericB  of  salts,  arsenites  and  arsenates,  m  well  as  arsenides, 

A.   Arse^iious  CmipoimcU. — A  solution  of  arsenious  anhydride, 
As^Og,  m  dilute  hydrochloric  acid,   or  an   aqueous  solution    of  an 
arsenitej  K^AsO^  potassium  arsenite, 
will  give  the  reaction  b. 

SH^,  (group  reagent)  pmducee 
^n  an  acid  solutioOj  especially  on 
g'ently  heating,  a  lemon -yellow  pre- 
cipitate  of  arsenious  sulphide,  Ae^^^, 
readily  soluble  in  caustic  alkalies,  in 
the  alkali  carbonates  and  sulphides, 
forming  alkali  arsenites  and  suiph- 
^fsenites;  it  is  reprecipitated  from 
any  of  these  solutions  on  the  addi- 
t^ion  of  dilute  hydrochloric  or  othei' 
^^id.  It  is  almost  insoluble  in  cou- 
*^rit rated  hydrochloric  acid  even  on 
^^oiliog,  but  soluble  in  nitric  acid. 
On  digesting  freshly  precipitate*! 
s^rsenious  sulphide  in  a  solution  of 
hydrogen  potassium  sulphite,  HKSO.^^ 
^ith  excess  of  sulphurous  acid, 
the  yellow  precipitate  is  dissolved , 
^^d  the  solution  contains  potassium 
^^tarsenite  and  potassium  thiosul- 
Phate,  after  driving  off  the  excess 
*^f    sulphurous  acid   by  evaporation, 

thus;  J^  t  '  ^^^       y., 

2As,S,  +  IGHK8O3  -  IKAsO,  +  f>K,S,03  +  S,  +  7S0,  +  80H,, 

(KH()^Sj  same  precipitate,  soluble  in  excess. 

AgKOa  produces  from  a  solution  of  a  neutral  arsenite,  or  from  a 
®*^lution  of  AsgOj  in  water,  rendered  neutral  by  cautiously  adding 
^nuiQoniuni  hydroxide,  a  yellow  precipitate  of  silver  arsenite,  AgjAsO-^, 
^adilj  soluble  in  ammonium  hydroxide  or  chloride  or  nitric  acid. 
J^he  ammoniacal  solution  of  Ag^A&O,  and  OAgj,,  is  decomposed  on 
"oiling,  with  separation  of  metallic  silver  and  formation  of  silver 
^''senate,  Ag,(AsO^,  tfiiis  : 


Ag,AfiO,    +    OAg,    = 

Ag,AsO, 

+     Hr 

Soluble  in         Soluble  ia 

Soluble  in 

Black 

NH^OH.            NH4OH. 

NH4OH. 

precipitate 

L 


.  CuS^O^  produces  a  chai'acteriatic  yellowish  green  precipitate  of 
hydrogen  cupric  arsenite,  HOuAsO^j  {Scheele*s  green),  from  a  solution 
^^  tripi>tassittm  arsenite,  readily  soluble  in  amraonium  hydroxide 
^bloride,  or  nitric  acid. 


208  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

Magnesium  sulphate  gives  no  precipitate  in  the  presence  of  ammo- 
nium chloride. 

ReinscKa  Teat, — Arsenious  oxide  and  most  of  its  compounds  dis- 
solve in  HCJ,  especially  when  concentrated,  AsCl,  being  formed. 
On  placing  a  perfectly  clean  piece  of  metallic  copper  into  this, 
solution  and  warming,  a  grey  deposit  forms  on  the  copper.  This 
consists  of  arsenic  or  a  compound  of  As  and  Cu  ;  Cu^As2.  In  a  con- 
centrated solution  the  deposit  may  be  black  in  colour,  and  will  peel 
off  from  the  copper  surface.  Antimony  is  precipitated  under  similar 
conditions,  so  it  is  necessary  to  confirm  this  indication  by  taking  the 
piece  of  copper  which  has  become  coated  by  the  supposed  arsenic  film 
out  of  the  acid  solution,  drying  it  by  gentle  pressure  between 
blotting-paper,  and  then  introducing  into  a  perfectly  dry  test-tube, 
and  gently  heating  over  a  lamp.  If  arsenic  is  present  a  sublimate 
of  arsenious  oxide  in  white  crystals  will  form  in  the  cooler  portions 
of  the  tube.  In  the  case  of  large  quantities  some  arsenic  will 
sublime  unoxidised,  and  form  a  brilliant  black  or  brown  film  on  the 
glass  surface. 

Arsenious  compounds  exert  a  powerful  reducing  action  when 
brought  in  contact  with  substances  capable  of  parting  with  oxygen, 
chlorine,  <kc.  This  property  is  more  marked  in  arsenious  than  in 
antimonious  compounds. 

AuClj  (auric  chloride)  produces  from  an  acid  solution  of  As^Oj  a 
precipitate  of  metallic  gold,  and  the  reaction  is  so  exact*  that  the 
amount  of  arsenic  can  be  determined  quantitatively  from  the  weight 
of  the  precipitated  gold. 

4AUCI3  +  3As,03  4-  150H,  =  6H3ASO4  +  4Au  +  12HC1. 

Chlorine  water  or  compounds  capable  of  yielding  chlorine,  such 
as  a  solution  of  bleaching  powdei',  or  of  sodium  hypochlorite,  NaOCl 
(eau  de  Javelle),  oxidise  ASj,03  rapidly,  thus  : 

ASP3  +  201,  +  50H,  =  2H3ASO,  +  4HC1. 

Iodine,  dissolved  in  a  solution  of  potassium  iodide,  converts  a 
solution  of  Asj,03  in  excess  of  hydrogen  sodium  carbonate  into  As^Oj 
with  formation  of  an  alkali  iodide,  thus  : 

HNa^AsOj  +  2HNaC03  +  I,  =  HNa^AsO^  +  2NaI  +  OH,  +  2C0,. 

Chlorine,  iodine,  and  bromine  act  as  oxidising  agents  by  decom- 
posing water  or  a  metallic  oxide  or  hydroxide.  They  form  with  the 
hydrogen  HCl,  HI,  HBr,  or  with  a  metal  the  corresponding  haloid 
salt,  and  the  oxygen  is  transferred  to  the  As^Oj. 

Cupric  oxide,  or  cupric  salts,  in  the  presence  of  sodium  or  potassium 
hydroxide,  also  oxidise  or  become  deoxidised.    On  adding  to  a  strongly 

*  All  chemical  reactions  are,  of  course,  exact  under  proper  conditions. 
Where  a  reaction  is  spoken  of  as  partial^  either  the  physical  conditions  are 
not  completely  known,  or  more  than  one  path  is  open  for  the  chemical  action 
to  proceed  along,  and  under  one  condition  of  temperature  it  may  run  more  in 
one  direction  than  another.  In  many  known  cases  reactions  can  be  reversed 
by  a  considerable  change  of  temperature. 
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alkaliDe  solution  of  tri potassium  n.rsenite  a  few  drops  of  cupric  sul- 
phate, and  warming  gently j  the  blue  Kolntion  deposits  a  red  precipi- 
tate of  en  pro  us  oxide  ^  Cu^Oj  and  leaves  tripotassium  arsenate,  Kjj  AaO^ 
in  aolntioD,     (Distinction  between  As^O^  and  As^O^.) 

The  deoxidising  action  which  arsenious  compounds  exert  upon  the 
higher  oxides  of  chromium  andmangane&re  baa  already  been  deseriljedj 
(isee  "  Chromium  ■ '  and  ^*  Manganese  "). 

B.  ArsemG  Compoujids, — An  aqueous  solution  of  tripotassium 
arsenate,  K^AsO^,,  i«  employed. 

SH,  gives  scarcely  any  pi-ecipitate  from  an  acidulated  solution 
of  ELjAsO^^  until  the  solution  i.s  lietitedj  and  a  current  of  gas 
passed  through  for  some  time.  It  is  difficult  to  eflect  complete 
precipitation  even  then.  The  precipitate  consist-s  of  arsenious 
sulphide  and  sulphur.  It  is  preferable  to  reduce  the  As^O^  fir&t 
to  As^Oj,  by  a  more  powerful  reducing  agent  than  SH^,  for  example 
hy  sulphurous  acid  :  K^ AsO^  +  H.SO^  =  K^AsO^  +  H^SO^,  after  which 
sulphuretted  hydrogen  precipitates  the  arsenic  i*eadily  as  arsenious 
sulphide- 

kAg!N^Oj  gives  a  reddish  brown  precipitate  of  triargentic  arsenate ^ 
g^jAsO^^  scjluble  in  ammonium  hydroxide  and  in  nitric  aeiJ. 

CuSO^  produces  a  pale  greenish  blue  precipitate  of  hydrogen 
<^^|>ric  arsenate^  HCuAsO^,  soluble  in  ammonium  hydroxide  and  nitric 
i^cid, 

MgSO^  in  the  prasence  of  ammonium  chloride  and  hydroxide  gives 
^  Avhite  crystalline  precipitate  of  ammonium  magnesium  arsenate^ 
^B^MgAsO^.     (Distinction  of  As^O.^  from  As,0.^.) 

Fe^Ctj,  gives  a  yellowish  white  precipitate  of  ferric  arsenate, 
**«j(AsO  jj.     JJead  aftetate  gives  a  white  precipitate  of  lead  arsenatcj 

_i^b,AsA; 

{Nt[^),MoO^  (ammonium  molyhdate)  with  excess  of  nitric  acid 
%iVGB  a  yellow  precipitate  of  ammonium  a rseno- molyhdate.  This 
^Precipitate  closely  resembles  the  phosphate  one. 

Metallic  copper  does  not  precipitate  metallic  arsenic  from  dilute 

cid  solutions  of  As^O. ;  hut  on  adding  concentrated  hydrochloric  acid, 

*i5d  heatingj  a  grey  film  of  As^Cu^  is  obtained,     (Distinction  between 

A^^Oj  and  AsjO^*)     Some  chlorine  is  liberated,  and  then  attacks  the 

^U^  forming  copper  chloride. 

Arsenic  as  well  as  arsenious  compounds  are  capable  of  oxidising 
^c»ttie  othei'  compounds  J  and  become  themselves  reduced  either  to  a 
^Ver  stage  of  activity  or  to  arsenic. 

Sulphurous  acid  reduces  arsenic  acid  to  arsenious  acid. 

Sodium  tbiosulphate  deprives  arsenious  acid  of  its  oxygen^  and 
■^iiverts  it  into  As^S^,  thus  : 

2As(HO)3  +  3Na,S,0,  =  A^S,  +  ^Na^SO,  +  30H,, 

As^^Oj  or  AsjO^i  can  be  detected  in  solution  by  the  reducing  action 
hypopbosphorous  acid,  HPO^j,  along  with  SO^,  the  arsenic  becoming 
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To  the  arsenic  solution  one  or  two  drops  of  PCI,  (or  a  little  PI3), 
or  hypophosphorous  acid  itself,  is  added,  and  then  a  few  bubbles  of 
SO,  gas  sent  through.  On  wanning  a  yellow  precipitate  of  As^Sj, 
sometimes  with  a  little  sulphur,  appears. 

Carbon  at  a  red  heat  removes  the  oxygen  from  both  oxides  of  arsenk 
— A  fragment  of  arsenious  anhydride  (white  arsenic)  is  placed  in  the 
pointed  end,  a,  of  a  hard  glass  tube  drawn  out  before  the  blow-pipe, 
as  seen  in  Fig.  83.  A  splinter  of  well  dried  charcoal  is  next  placed  in 
the  narrow  part  of  the  tube  at  6,  somewhat  above  the  fragment  of 
the  arsenical  compound.  This  charcoal  is  heated  over  a  gas  flame  or 
the  flame  of  a  spirit  lamp.    When  the  charcoal  is  well  ignited  a  second 


Fig.  83. 

flame  is  applied  to  the  lower  end  of  the  tube,  in  order  to  volatilise 
the  arsenical  compound,  the  vapour  of  which,  on  passing  over  tbe 
glowing  charcoal,  is  deprived  of  its  oxygen,  and  metallic  arsenic  is 
deposited  in  the  form  of  a  shining  black  mirror  on  the  inside  of  the 
tube,  above  the  charcoal  at  c.     The  end  reaction  may  be  : 

2ASP3  +  60  =  As,  +  6CO3. 

This  test  is  very  delicate.  Arsenic  in  arsenites  or  arsenates  is 
liberated  by  mixing  perfectly  dry  charcoal  powder,  or  soda-lime  char- 
coal, with  the  dry  substance,  previous  to  its  introduction  into  the 
tube,  which  may  have  a  small  bulb  blown  at  its  lower  end.  Th^ 
sublimation  of  metallic  arsenic  is  accompanied  by  the  characteristic 
garlic-like  odour. 

KCy  reduces  arsenical  compounds — oxides  as  well  as  sulphides— 
with  formation  of  potassium  cyanate  or  sulphocyanate.  A  mixture 
of  potassium  cyanide  with  the  arsenical  compound  is  heated  in  a  bulb 
tube,  a  (Fig.  84).     Metallic  arsenic  is  deposited  at  6. 

The  changes  are  expressed  as  follows : 

As,03  4-  6KCy  =  OKCyO  +  As,. 
Potassium 
cranate. 

.2A8,S3  +  6KCy  =  6K0yS  +  As,. 
Potassium 
solphocjanate. 


i 
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But  since  commercial  potassium  cyanide  contains  potassium  cyan- 
ie,  as  well  as  potassium  carbonate  (its  composition  may  be  expressed 
i  5K0y  +  KCyO  +  xK^OOg),  a  portion  only  of  the  arsenic  in  As^Sg  is 
3tained  in  the  metallic  form,  and  a  sulpharsenate  is  formed  which 
not  reduced  by  potassium  cyanide.  On  mixing  the  arsenious  sul- 
hide  with  sulphur,  the  whole  of  the  arsenic  remains  behind  in  the 
ised  mass,  as  sulpharsenate,  and  no  metallic  deposit  is  obtained, 
[n  the  presence  of  sulphides  of  Pb,  Cu,  Ag,  Au,  Ni,  Co,  Fe — as,  e.g., 
f  FeSg,  in  arsenical  pyrites,  NiS^,  in  nickel  glance — which  are  reduced 
0  the  metallic  state  byijhe  action  of  potassium  cyanide,  scarcely  any 
.rsenical  mirror  is  obtained,  because  the  liberated  metallic  arsenic 


would  immediately  alloy  itself  with  the  metals,  a  portion  only  of 
the  arsenic  being  liberated.)     These  changes  are  expressed  by  the 

equations  : 

(1)  5As,S3  =  SAs^S^  +  As,. 

(2)  4As,S,  +  I2K3CO3  =  5K3AsS,+  SKgAsO,  +  12C0,. 

The  reduction  is  conveniently  effected  by  mixing  dry  arsenious 
sulphide  with  one  part  of  potasium  cyanide  and  three  parts  of  sodium 
carbonate,  and  introducing  the  mixture  into  a  piece  of  combustion 
tube,  c,  drawn  out  to  a  capillary  tube  as  in  Fig.  85.     A  slow  current 


Fig.  85. 

^carlMr  dioxide  is  generated  from  marble  and  hydrochloric  acid  in  the 
lask  A,  Fig.  86,  and  dried  by  passing  through  b  into  the  flask  B, 
^ntaining  concentrated  sulphuric  acid,  and  through  the  delivery 
lube  c,  over  the  mixture  in  tube  0,  heated  at  first  gently,  till  all  the 
moisture  has  been  driven  out,  and  then  strongly,  almost  to  fusion — 
vhen  a  mirror  of  metallic  arsenic  collects  in  the  neck  of  the  drawn- 
)ut  tube. 

The  reaction  has  this  advantage,  that  no  antimony  mirror  is 
)btained  by  the  same  treatment. 

In  order,  however,  to  avoid  missing  the  arsenic,  either  altogether 
)r  obtaining  only  a  portion  of  it,  as  stated  above,  it  is  preferable  to 
ireat  the  arsenious  sulphide  with  a  few  drops  of  concentrated  nitric 
idd,  and  to  evaporate  with  a  little  sulphuric  acid  (in  order  to  decom- 
)08e  any  metallic  nitrates,  if  present).  The  sulphuric  acid  is  next 
leutralised  with  sodium  carbonate,  and  the  mass  thoroughly  dried 
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before  mixing  it  with  potassium  cyanide,  and  reducing  as  described. 
The  fused  mass  retains  the  antimony,  and  a  good  arsenical  mirror  is 
obtained,  provided  no  lead,  copper,  or  other  reducible  metals  are 
present. 

Marsh's  Test. — Arsenious  and  arsenic  acids  are  both  reduced  by 
nascent  hydrogen,  which  combines  with  the  oxygen  of  the  arsenical 
oxides  to  form  water,  whilst  the  arsenic  in  its  nascent  state,  or  tbe 
very  moment  it  is  liberated  from  the  oxygen,  also  combines  with 
hydrogen  to  form  a  gaseous  compound  of  arsenic,  called  arsenietted 


Fia.  86. 


hydrogen  (arsenious  hydride) — AsHg.  This  gas  is  obtained  nearly 
pure  by  acting  with  dilute  sulphuric  acid  upon  an  alloy  or  compound 
of  zinc  and  arsenic  (ZnjASg).  The  zinc  takes  the  place  of  hydrogen 
in  the  acid,  and  arsenious  hydride  is  liberated,  thus  : 


As^Zn, 


+  3H,S0, 


3ZnS0,  +  2ASH3. 


Some  other  arsenides  act  in  a  similar  manner.  Sodium  arsenide 
decomposes  on  contact  with  water,  liberating  AsH„  and  also  forming 
some  ASgH^,  a  brownish  solid.  Too  great  care  cannot  he  taken  toith 
these  arsenic  compounds. 

Arsenious  hydride  is  an  exceedingly  poisonous  gas,  and  the  student 
must  on  no  account  attempt  to  prepare  it  pure.  Its  properties,  for 
qualitative  purposes,  may  be  studied  equally  well  in  a  mixture  of  the 
gas  with  much  hydrogen. 

All  experiments  with  it  must  be  conducted  in  a  fume  chamber 
where  a  good  indraught  of  air  can  be  obtained.  Arsenious  hydride 
possesses  a  very  nauseous  odour,  and  burns  with  a  peculiar  livid 
bluish  flame  when  the  jet  of  hydrogen  containing  it  is  lighted.  This 
is  due  to  the  combustion  of  the  arsenic  to  As^Og. 

Generate  hydrogen  in  a  flask,  a.  Fig.  87,  from  pure  zinc  (free  from 
arsenic)  and  pure  dilute  sulphuric  acid.     Dry  the  gas  by  passing  it 
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over  calcium  chloride,  and  connect  the  drying  tube,  6,  with  a  piece  of 
hard  glass  tubing,  c,  drawn  out  to  a  jet.  The  hydrogen  gas  may  be 
ignited  at  the  jet,  as  soon  as  it  has  displaced  the  air  in  the  generating 
flask,  a,  and  drying  tube,  b.  It  burns  with  an  almost  colourless 
flame  if  the  zinc  and  acid  be  pure.  On  introducing  a  few  drops  of 
an  arsenious  or  arsenic  solution  *  through  the  funnel-tube  the  flame 
is  seen  to  change  to  blue,  and  on  holding  a  piece  of  porcelain  {e,g.,  a 
dish,  or  the  lid  of  a  porcelain  crucible)  in  the  flame  a  black  mirror 
or  deposit  of  metallic  arsenic  is  obtained.  Or  the  metal  may  be 
collected — by  heating  the  glass  tube  through  which  the  hydrogen 


FiQ.  87. 

PWses — in  the  form  of  a  metallic  ring,  d,  which  deposits  within  the 
tube  immediately  in  front  and  in  rear  of  the  spot  where  the  glass  is 
Wted.  The  hydrogen  should  not  be  generated  too  rapidly,  if  a  good 
nog  is  to  be  obtained. 

Several  arsenical  mirrors  may  be  obtained  if  a  long  piece  of  narrow 
combastion  tube,  Fig.  88,  be  employed,  which  has  been  contracted  in 
several  places  by  drawing  it  out  in  the  flame  of  a  blowpipe.  Arsenious 
bydride  is  generated  in  the  flask,  a,  and  passing  through  6,  the 
drying  tube,  c,  and  combustion  tube,  d,  issues  from  the  drawn-out 
jet,  where  it  can  be  burnt.  The  tube  d  is  heated  in  one  or  in 
several  places,  just  before  the  several  drawn-out  narrow  parts>  An 
aiseDical  mirror  is  obtained  a  little  beyond  the  heated  part  of  the 
tube,  as  seen  in  Fig.  88.  Little  or  no  arsenious  hydride  need  thus 
escape  from  the  jet,  especially  if  a  slow  current  only  of  hydrogen  be 
generated. 

The  deposition  of  arsenic  in  the  tube  arises  from  the  decomposition 
of  the  arsenious  hydride,  which,  at  a  high  temperature,  is  broken  up 
into  arsenic,  which  is  deposited,  and  hydrogen,  which  passes  on  and 
bums  at  the  jet.  The  decomposition  which  takes  place  when  a  cold 
piece  of  porcelain  is  lowered  into  the  flame  is  readily  explained  if  it 
be  remembered  what  takes  place  when  some  cold  porcelain  is  held  in 
a  candle  or  gas  flame.     A  deposit  of  soot  is  obtained  (flnely  divided 

^  Any  cansiderable  excess  of  oxidising  agents,  such  as  nitiic  acid,  chlorine, 
&c,  shonld  be  avoided.    The  same  holds  good  for  the  preparation  of  SbH^. 
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carbon  from  the  hydrocarboDs),  because  the  combustion  is  disturbed, 
and  the  temperature  of  the  flame  suddenly  lowered.  The  gas  can 
only  burn  where  it  is  in  contact  with  the  air — i.e.,  on  the  outside. 
The  arsenious  hydride,  on  passing  through  the  inner  portion  of  the 
flame,  is  decomposed  by  the  heat  into  arsenic  vapour  and  hydrogen 
gas  ;  the  latter  escapes  through  the  outer  portion  of  the  flame,  and 
is  burnt,  arsenic  being  deposited  on  the  cold  porcelain  surface.  The 
decomposition  of  arsenious  hydride  takes  place,  even  if  very  little  of 
the  gas  is  mixed  with  much  hydrogen  gas.  Marsh's  test  is,  therefore, 
extremely  delicate. 


Fig.  88. 


It  is  absolutely  necessary  that  both  zinc  and  sulphuric  acid  be 
tested  first.     This  is  done  by  generating  hydrogen,  and  allowing  the 
gas  to  escape  by  itself  for  some  time  through  the  ignited  combustion , 
tube. 

Care  should  also  be  taken  to  avoid  introducing  nitric  acid,  since 
arsenious  hydride  is  readily  decomposed  by  this  acid.  It  is  therefore 
preferable  to  dissolve  arsenical  compounds  in  hydrochloric  acid,  with 
the  addition  of  a  few  small  crystals  of  potassium  chlorate,  and  to  heat 
gently  till  no  more  chlorous  odour  is  observable. 

The  metal  antimony  forms  with  nascent  hydrogen  a  combustible 
gas  analogous  to  arsenious  hydride,  called  antimonietted  hydrogen 
(antimonious  hydride),  SbHg.  It  is  prepared,  though  not  in  a  pure 
condition,  by  acting  with  dilute  sulphuric  or  hydrochloric  acid  upon 
an  alloy  of  zinc  and  antimony,  thus  : 

SbjZug  +  3H,S0,  =  3ZnS0,  +  2SbH3. 

It  is  obtained  mixed  with  much  hydrogen  by  introducing  into  a 
hydrogen  apparatus  a  few  drops  of  an  antimony  solution  (SbClg, 
KSbOg,  or  tartar  emetic). .   The  greater  part  of  the  antimony,  how- 
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ever,  remains  behiDd,  precipitated  as  metal,  with  perhaps  some  solid 
hydride,  Sb^H^,  on  the  zinc.  The  hydrogen  flame  turns  at  once 
bluish  green,  and  white  fumes  of  antimonious  oxide,  Sbj^O,,  ascend 
into  the  air.  The  gas  has  no  particular  odour,  but  is  decidedly 
poisonous.  On  depressing  a  cold  piece  of  porcelain  into  the  flame 
metallic  antimony  is  deposited,  and  on  heating  the  combustion  tube, 
as  in  the  case  of  the  arsenic  experiment,  the  gas  is  likewise  decom- 
posed into  metallic  antimony,  which  collects  in  the  narrowed  portions 
of  the  tube  and  forms  a  dull  black  mirror,  and  hydrogen,  which 
escapes  and  can  be  burnt  at  the  jet. 

Since  both  arsenic  and  antimony  produce  a  metallic  mirror,  such 
mirror  may  be  due  to  either  metal  or  to  a  mixture  of  the  two  metals 
(in  which  case,  however,  the  more  volatile  arsenic  is  deposited  further 
away  from  the  flame,  and  a  part  of  the  antimony  is  found  behind 
the  spot  where  the  glass  tube  is  heated).  Further  experiments  must 
be  made  in  order  to  distinguish  the  arsenic  from  the  antimony  in  the 
mirror  itself. 

This  can  be  done  very  readily  : 

1st.  By  adding  to  the  mirror  obtained  on  cold  porcelain  a  con- 
centrated solution  of  bleaching  powder,  or  of  sodium  hypochlorite 
(eau  de  Javelle)  ;  or  by  simply  exposing  the  mirror  to  chlorine  gas, 
the  arsenical  mirror  is  speedily  dissolved  ;  antimony  only  after  some 
lengthened  exposure,  thus : 

As,  +  3H,0  +  5NaOCl  =  2H3ASO,  +  5NaCl. 

2nd.  By  passing  a  very  slow  current  of  dry  sulphuretted  hydro- 
gen through  the  glass  tube  containing  the  arsenic  and  antimony 
mirror,  and  applying  a  gentle  heat.  The  metals  are  converted  into 
sulphides — arsenic  into  lemon-yellow  arsenious  sulphide,  and  anti- 
mony into  a  black  or  partly  orange-red  antimonious  sulphide ;  and, 
if  both  metals  are  present,  the  two  sulphides  appear  side  by  side, 
the  former  somewhat  in  front  of  the  latter,  arsenious  sulphide  being 
the  more  volatile  of  the  two.  On  passing  next  a  current  of  dry 
hydrochloric  acid  gas  without  the  application  of  heat,  antimonious 
sulphide  disappears  entirely,  being  converted  into  antimonious 
chloride,  which  volatilises  in  the  current  of  hydrochloric  acid  gas, 
and  may  be  passed  into  water  and  tested  for  by  means  of  sulphuretted 
hydrogen.  Arsenious  sulphide  remains  unaflected,  even  if  the  hy- 
drochloric acid  gas  be  passed  over  it  for  some  time.  The  residuary 
arsenious  sulphide  dissolves  readily  in  hydrogen  ammonium  carbonate, 
HNH.CO,. 

Antimonious  and  arsenious  hydrides  can,  moreover,  be  distin- 
guished from  each  other  by  passing  them  slowly  into  a  solution  of 
silver  nitrate,  whicli,  acting  the  part  of  an  oxidising  agent,  con- 
verts arsenious  hydride  into  arsenious  acid,  thus  : 

AsH,  +  GAgNOs  +  30H,  =  GAg  +  H3ASO3  +  ()HN03. 

Antimonious  hydride  is  not  acted  upon  like  this.     The  oxidation 
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extends  only  to  the  hydrogen,  and  not  to  the  antimony,  silver  taking 
the  place  of  the  hydrogen,  thus  : 

SbHg  +  3AgN0,  =  SbAg,  +  3HN0,. 
Black  precipitate. 

The  arsenious  acid  is  separated  by  filtration  from  the  insoluble 
SbAgs  and  Ag.  On  cautiously  adding  to  the  filtrate  a  dilute  solution 
of  ammonium  hydroxide  a  yellow  precipitate  of  triargentic  arsenite 
is  obtained,  where  the  two  layers  of  the  ammonium  hydroxide  and 
acid  solution  meet. 

The  residue  is  boiled  with  a  solution  of  tartaric  acid,  when  the 
antimony  compound  is  acted  upon  with  formation  of  soluble  anti- 
monious  tartrate  (?),  silver  being  left  behind.  Filter ;  acidulate  the 
filtrate  with  dilute  hydrochloric  acid,  and  pass  sulphuretted  hydrogen. 
An  orange  precipitate  indicates  antimony.  Another  method  of  de- 
tecting the  antimony  consists  in  digesting  the  SbAgj  with  yellow 
ammonium  sulphide,  when  the  Sb  is  dissolved  out  as  sulphantimonite, 
and  can  be  separated  from  the  filtered  solution  on  addition  of  HCl 
as  Sb^Sj. 

The  hydrogen  from  Al  and  KHO  can  also  be  employed  for 
Marsh's  test,  but  this  must  also  be  tested  beforehand. 

Another  exceedingly  delicate  reaction  for  arsenic  depends  on 
the  facility  with  which  it  forms  compounds  with  organic  or  carbon 
radicles — viz.,  methyl,  CH3,  or  ethyl,  O^Hg.  A  very  small  piece  of 
an  ai-senious  compound  when  heated  in  a  dry  tube  with  a  little  dry 
sodium  acetate  becomes  reduced  to  metallic  arsenic,  which  unites 
with  the  methyl  groups  of  the  acetate,  forming  cacodyl : 

A  /nirH*  tetramethyl  diarsenide,  a  most  minute  quantity  of  which 

may  be  recognised  by  its  disagreeable  odour. 

Electrolytic  hydrogen  was  suggested  (Ch&ni.  Soc.  Journal,  1861) 
instead  of  using  zinc  for  Marsh's  test.  The  platinum  battery- 
terminals  are  introduced  into  the  liquid  to  be  examined,  and  the 
hydrogen  collected  and  tested  as  by  Marsh's  test. 

It  is  valuable  in  chemico-legal  investigations  where  absolute 
purity  of  reagents  is  necessary. 

An  electrolytic  method  (see  Chem.  Soc.  Journal,  974,  1903) 
has  been  devised  for  the  detection  of  minute  quantities  of  arsenic 
contained  in  foods  or  any  organic  preparations.  Fig.  89  shows 
the  arrangement  of  the  apparatus.  A  is  a  glass  vessel  with  neck 
ground  to  fit.  Through  the  neck  passes  a  platinum  wire,  to  which 
the  cathode,  B,  a  cone  of  perforated  platinum  foil,  is  attached.  The 
vessel  A  dips  into  a  porous  jar,  C ;  outside  and  at  the  base  of  the 
porous  jar  is  a  ring  of  platinum  foil,  D,  connected  to  the  anode. 
These  stand  in  a  cylindrical  glass  vessel,  in  which  is  dilute  sulphuric 
acid  (one  acid,  seven  water). 

The  outer  vessel  is  to  contain  cooling  water,  so  that  the  temperature 
should  be  kept  below  50°.  From  the  neck  of  A  a  tube  rises  and  con- 
nects with  the  drying  tube,  E,  one  end  of  which  is  closed  by  a  tube 
stopper,  and  the  other  is  drawn  out  to  attach  to  the  Marsh  tube 
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<Df  liard  gla^s  in  winch  the  gas  is  heated  to  decompose  the  AsH^. 
ITlie  drying  tube  contains  fine  gi*aniilai"  calcium  chloride  between 
loose  jilugs  of  cotton -wool,  and  nha  Ktnall  lolk  of  lead  acetate  paper 
— one  where  the  gas  enters  the  diying  tube  and  one  in  front  of  the 
c^almum  chloride,     This  i^  to  retain  any  HH^ 

"The  appanitus  employed  haaan  apparent  reaiiitaijee  of  1*4  ohms, 
"^ith  7  volts  potential  difference  between  enda  of  pole  wires  on  a 
<?urrent  of  5  amperes.  This  gives  about  40  e.c.  hydrogen  per  minute, 
T^hich  fm-nishes  a  steady  fiame  of  about  2  cm.  height." 

In  working  the  connections  are  arranged  ao  that  the  current  passes 
from  1>  through  the  porous  cell^  C,  to  the  platinum  cone,  B.     *:»0  c*c.  of 


I 


b 


^te  dilute  acid  are  placed  in  D,  and  20  run  into  the  cell  thx-ough  the 
^p  fanofil^  the  stem  of  which  must  contain  liquid. 

At  this  rate  of  evolution  the  apparatus  is  filled  with  hydrogen 
in  about  ten  minutes,  when  the  hydrogen  may  be  lighted  and  the 
JJunsen  flame  under  the  tube  started.  If  no  bi'own  deposit  takes 
place  in  fifteen  minutes  the  apparatus  and  acid  may  be  considered 
free  from  arsenic,  and  the  liquid  to  be  tested  is  then  run  in  through 
the  tap  funnel.  Should  the  solution  contain  organic  substances  it  is 
liable  to  fix>thing,  to  prevent  which  one  or  two  c.c.  of  amyl  alcohol 
are  previously  run  into  the  vessel.  At  the  end  of  thirty  minutes 
the  whole  of  the  arsenic  will,  as  a  rule,  have  been  evolved  and 
deposited  iu  the  heated  tube  (see  Marsh  process,  arde)y  which  has  then 
to  be  melted  ofi'  and  sealed  up^  still  full  of  hydrogen,  thus :  The 
stopper  of  the  tap  funnel  is  opened,  and  a  small  blowpipe  flame 
applied  to  the  Marsh  tube  betw^een  the  flame  jet  and  the  deposit. 
When  the  tube  has  melted  the  end  is  di-awn  off.  The  cm-rent  is 
now  disconnected,  and  the  tube  melted  and  di-awn  off  just  on  the 
other  side  of  the  deposit.  The  sealed  tube,  with  its  arsenic  deposit, 
will  be  4  to  5  cm,  long,  and  can  now  be  mounted  on  a  white  paper 
card  for  reference  or  comparison  w^ith  standard  depa'iits  prepared 
from  known  quantities  of  an  arsenic  compound. 
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(4)  GOLD,  Au'  and '". — Gold  is  generally  found  in  the  metallic  state, 
and  is  then  readily  recognised  by  its  colour,  malleability,  and  other 
physical  characters.     In  small  quantities  it  occasionally  accompanies 
metallic  sulphides,  and  is  found  in  some  quantity  in  comblDation 
with  tellurium.     Pure  gold  is  pale  yellow  in  colour  and  exceedingly 
soft,  being  the  most  ductile  and  malleable  metal.      It  is  not  affected 
by  air,  water,  or  any  single  acid,  with  the  exception,  perhaps,  of 
Nordhausen  sulphuric  and  selenic  acid,  H,Se04,  ^^  ^^7  temperature. 
It  is,  however,  rapidly  acted  upon  by  chlorine,  or  bromine,  or  bj 
mixtures  of  acids  which  liberate  either  of  these  substances  (aqua 
regia),  and  is  dissolved  by  alkali  cyanides  in  presence  of  air,  a  double 
auri-alkali   cyanate   being   formed.      It  unites  very   readily  with 
mercury,  forming  a  white  alloy  or  amalgam.     It  aJso  alloys  with 
most  other  metals,  some  of  which  have  a  great  effect  on  its  colour 
even  when  in  small  quantity — e.^.,  palladium,  arsenic.    Gold  may 
be  obtained  in  an  exceedingly  finely  divided  condition   either  by 
hammering  into  gold  leaf,  or,  better,  by  reducing  it  in  the  metallic 
condition  from  its  salts.  In  the  latter  case  it  may  be  obtained  so  finely 
divided  as  to  suspend  in  water  for  months  or  even  years,  forming  a 
red  or  blue  solution,  depending  on  the  nature  of  the  reducing  agent 
employed.     This  is  well  shown  by  passing  a  few  bubbles  of  PHj  into 
a  very  dilute  solution  of  AuClg.  It  can  also  be  obtained  as  an  almost 
black  powder. 

Its  atomic  weight  =196-2.  Relative  weight,  19-32.  Melting-point, 
about  900°  0.  When  melted  it  gives  out  a  greenish  light,  almost 
complementary  in  tint  to  its  colour  in  the  solid  state. 

It  forms  two  series  of  compounds,  aurous  and  auric. 

Experiments. 

I.  Gold  leaf  contains  a  little  silver,  but  is  most  convenient  for 
experiments. 

Heated  in  a  tube  either  in  air  or  vacuum,  it  melts  without  change. 
A  piece  of  gold  leaf  will  melt  into  the  glass  of  a  test-tube.  When 
looked  at  it  is  yellow  ;  when  looked  through  it  appears  green. 

II.  Sulphur  has  little  or  no  action  on  pure  gold,  but  gold  leaf 
generally  becomes  a  little  duller. 

III.  Single  acids,  as  HCl,  HNO3,  H^SO^,  have  no  action. 
KHO  and  NaHO  have  no  action  either  in  solution  or  when 

fused. 

A  mixture  of  HCl  and  HNO3,  which  evolves  chlorine  or  nitrosyl 
chloride,  dissolves  it,  forming  a  yellow  solution  of  AuCIg,  which  on 
very  careful  evaporation  leaves  a  yellow  deliquescent  solid,  AuCIj* 
which  on  very  moderate  heating  decomposes  into  the  metal  and 
free  chlorine. 

Dry  Reactions. 

When  heated  on  charcoal  with  sodium  carbonate  and  borax  in 
the  reducing  flame,  gold  compounds  yield  a  yellow,  very  malleable 
globule  of  metallic  gold. 

To  detect  gold  in  argentiferous  minerals  in  which  it  is  present 
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only  in  minute  quantities,  and  associated  with  large  quantities  of 
other  non-volatile  metals,  the  powdered  mineral  is  fused  with  horax 
and  metallic  lead,  and  the  metallic  '^  button  "  cupelled,  as  will  be 
described  under  silver.  The  globule  of  white  metal  which  is  left  on 
the  cupel  is  beaten  out,  and  the  silver  dissolved  by  digesting  with  a 
little  nitric  acid.  The  silver  nitrate  is  poured  off,  and  the  gold 
washed  with  distilled  water.  The  black  insoluble  residue  is  once 
more  fused  on  charcoal  before  the  blowpipe,  when  it  assumes  the 
well-known  appearance  of  fine  gold. 

Old,  and  sometimes  new,  silver  coins  frequently  contain  a  small 
quantity  of  gold,  which,  on  dissolving  in  nitric  acid,  is  left  as  a  black 
powder. 

When  an  insufficient  quantity  of  silver  is  present  in  the  "  button  " 
(see  above)  (which  may  be  inferred  from  its  pale  yellow  colour),  from 
two  to  four  times  its  own  weight  of  silver  should  be  fused  up  with  it, 
and  the  button  so  obtained  beaten  out  and  then  treated  with  nitric  acid 
ill  order  to  separate  or  "  part "  the  gold. — Method  of  assaying  gold. 

Reactions  in  Solution. 

Gold  when  unalloyed  is  soluble  with  ease  in  aqua  regia  only, 
^oi^ming  a  solution  of  auric  chloride,  AuClg,  which  may  be  employed 
^oi^  studying  the  reactions  in  solution. 

SH,  (group  reagent)  gives  from  a  cold  solution  a  black  precipitate 
^^  auric  sulphide,  AujSj,  from  a  boiling  solution  a  brownish  preci- 
pitate of  aurous  sulphide,  Au^S.  These  precipitates  are  insoluble 
^'i  hydrochloric  and  nitric  acids,  but  dissolve  in  aqua  regia.  They 
^e  likewise  insoluble  in  normal  ammonium  sulphide,  but  soluble, 
^^though  with  difficulty,  in  the  yellow  sulphide,  more  readily  in  yellow 
sodimn  sulphide,  with  which  they  form  a  sulpho  salt,  NajAuSj. 

(NH^)^  and  sodium  thiosulphate,  same  precipitate. 

KHO,  or  NaHO,  produces  no  precipitate. 

NH^OH  produces  from  a  concentrated  solution  of  auiic  chloride 
^  reddish  yellow  precipitate  of  ammonium  aurate  or  fulminating 
gold,  (NH3),Au,03,  thus: 

2AUCI3  +  8NH,0H  =  (NH3),AuP3*  +  GNH.Cl  +  50H,. 

The  detection  of  gold  is  attended  with  no  difficulty,  owing  to  the 
**cility  with  which  its  compounds  generally  are  reduced  to  the  metallic 
^te.  Gold  has  little  affinity  for  non-metallic  elements ;  the  com- 
pounds which  it  forms  with  them  are  readily  broken  up  by  heat 
^loue,  or  on  being  brought  into  contact  with  bodies  which  have  more 
^nity  for  the  metalloids,  leaving  metallic  gold  in  a  finely  divided 
Audition  as  a  brown  powder,  which  acquires  metallic  lustre  when 
^^ed  and  rubbed  in  a  mortar.  Hence  auric  chloride  is  a  powerful 
^^dising  agent,  as  has  already  been  seen  under  tin,  antimony  and 
^^senic.  The  same  oxidising  action  is  called  into  play  when  AuClj 
^Qaes  together  with  solutions  of  sulphurous  or  oxalic  acids,  ferrous 

*  This  substance  is  explosive  when  dry.  It  may  be  a  salt  of  auric  acid  or 
*  hydrated  amino  compound. 
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sulphate,  or  chloride,  cuprous  chloride,  dissolved  in  hydrochloric  £u;id, 
mercurous  nitrate,  potassium  nitrite,  sugar  in  an  alkaline  liquid, 
and  most  other  organic  substances  {e.g.y  the  epidermis).  Arsenious, 
antimonious,  and  phosphorous  hydrides,  and  even  free  hydrogen, 
decompose  AuCl,. 

The  following  equations  express  these  changes  : 

(1)  2AUCI3, 

(2)  AD2S3 

(3)  2AUCI3  +  3H.^S0g  +  SOHa       '       =  Aog  +  3H2SO4  +  6HC1. 

(4)  2AUCI5  +  3H2C.P4  =  Ana  +  6CO2  +  6H01. 
(6)  2AuCl8  +  6FeCl2                              =  Aog  +  SFeaClg. 

(6)  2AUCI3  +  4FeS04  +  OH2  =  Ana  +  Ye^C]^      +  Fe2(SO4)8+H2S04. 

(7)  2AuCls  +  3CU2CL  =  Aua  +  eCuOla. 

(8)  2AnCl3  +  3Hga(N03)a  =  Aog  +  3H?:(N03)2    +  3HgCl2. 

(9)  2AuCl8  +  3KN0a  +  30Ha  =  Ang  +  SKNOg  +  6HC1. 

(10)  2AUCI3  +  2A8H3   +  3OH2  =  ADg  +  2H3ASO3        +  6HC1. 

(11)  2AUCI3  +  SbHa  =  Aua  +  SbClg  +  3HC1. 

In  the  analysis  of  a  solution  containing  gold  it  is  usual  to  remove 
the  gold  in  the  metallic  state,  by  boiling  with  oxalic  and  hydrochlonc 
acids,  before  passing  SH^,.  The  precipitated  gold  is  collected  on  a 
filter  and  fused  into  a  button  on  charcoal. 

There  are  several  other  metals  also  in  this  group  which  are 
removed  similarly  before  continuing  the  analysis. 

Gold  is  precipitated  from  a  hydrochloric  acid  solution  of  AuCl, 
by  most  metals,  even  by  Pt,  Ag,  and  Hg. 

PLATINUM,  Pt"  and  i^.  Atomic  weight,  1 94 ;  relative  weight,  21*50. 
Melting-point,  1G85°  0. — This  metal  is  found  native,  but  more 
frequently  alloyed  with  other  metals.  The  colour  of  platinum  is 
somewhat  between  that  of  tin  and  silver,  being  whiter  than  tin  but 
not  so  white  as  silver,  or  nearly  so  brilliant.  It  has  about  the  same 
hardness  as  copper,  and  is  eminently  ductile  and  malleable,  but 
somewhat  inferior  to  gold  in  the  latter  property.  It  is  much  less 
readily  acted  upon  than  gold,  either  by  halogens  or  acids,  and  does  no* 
amalgamate  with  mercury,  but  is  corroded  by  fused  caustic  alkalies 
(NaOH  and  KOH).  It  is  a  bad  conductor  of  heat  and  electricity? 
and  is  characterised  by  its  in  fusibility  before  the  blowpipe  and  re- 
sistance to  the  usual  fluxes.  Sulphur  has  a  slight  action  on  platinum 
when  not  heated  much  more  than  about  500°.  Se,  Te,  and  P  com- 
bine very  rapidly,  and  nearly  all  metals  melt  with  it  more  or  le6S 
easily.  Some,  as  Na,  Sn,  As,  Sb,  Pb,  attack  it  vigorously,  forming  very 
fusible  compounds  or  alloys.  Its  reactions  in  solution  need^  therefore? 
only  be  examined.     It  forms  two  well  characterised  series  of  salts. 

Unalloyed  platinum  is  not  attacked  by  either  nitric,  hydrochlorip> 
or  sulphuric  acid,  but  by  aqua  regia,  with  formation  of  platini^ 
chloride,  PtOl^.*  The  action  is  slower  than  with  gold.  A  solutioi^ 
of  this  salt  is  employed  for  studying  the  reactions  of  platinum. 

♦  When  alloyed  with  silver,  zinc,  cadmiuiu,  and  some  other  metals,  and 
these  alloys  are  treated  with  nitric  acid,  some  platinam  is  dissolved  alon^ 
with  the  other  metals.  The  amount  dissolved  varies  with  the  metal,  and  the 
amount  of  platinam  in  the  alloy. 
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SH,  (group  agent)  slowly  produces  a  dark  brown  precipitate  of 
[platinic  oisulphide,  PtS,.  On  heating,  the  precipitate  forms  more 
quickly.  It  is  insoluble  in  nitric  or  hydrochloric  acid,  soluble  in 
^ua  regia,  difficultly  soluble  in  normal  ammonium  sulphide,  more 
speedily  in  the  yellow  sulphide,  with  which  it  forms  a  sulpho  salt, 
CNHJjPfcS,,  Heated  out  of  contact  with  air,  it  is  decomposed  into 
»jSandS. 

(NH^),S,  same  precipitate. 

NH^Ol  produces  a  light  yellow  crystalline  precipitate  of  ammo- 
xwum  platinic  chloride,  2NH^Cl,PtCl^.  Prom  dilute  solutions  a  pre- 
cipitate is  obtained  only  after  evaporation  to  dryness  (on  a  water- 
l»ath).  The  precipitate  is  somewhat  soluble  in  water,  insoluble  in 
alcohol.     (See  "Ammonia,"  cmte.) 

KCl  produces  a  yellow  crystalline  precipitate  of  potassium  platinic 
<^liloride,  2KCl,PtCl^,  analogous  in  its  appearance  and  properties  to 
*he  precipitate  just  describ^.     (See  "  Potassium,"  ante,) 

]N'a01  forms  with  platinic  chloride  a  double  chloride,  which  is, 
however,  soluble  in  water,  and  is  obtained  in  needle-shaped  crystals 
hy  evaporation. 

The  precipitate  produced  by  platinic  chloride  with  NH^Cl  and 
KCl  serves  for  the  detection  and  isolation  of  platinum,  and,  vice 
^^^T'sdf  for  the  detection  of  ammonium  or  potassium  compounds. 

PtOl^  is  useful  on  account  of  the  compounds  which  it  forms  with 
the  chlorides  of  the  alkali  metals  and  with  the  chlorides  of  many 
^^ganic  bodies,  e.g.,  the  so-called  alkaloids,  such  as  quinine,  nicotine, 
^•,  and  amido  bodies  or  bases  generally.* 

Platinum  is  capable  of  forming  a  lower  chloride,  platinous  chloride, 
I^"C1,.     This  salt  is  obtained  by  heating  platinic  chloride  for  some 

*  That  is,  componnds  in  which  the  group  NHg  is  combined  with  a  more 
^^  less  complex  carbon  compound.  The  double  salts  with  PtCl4  are  very 
characteristic  compounds.  Whether  they  arise  from  the  energy  of  the 
I^tinum  atom  or  are  a  consequence  of  a  rise  in  valency  on  the  part  of  the 
J^ogen  is  not  yet  clearly  settled.  PtCl^  is  difficult  to  get  perfectly  pure. 
■*^he  ordinary  solution  is  acid,  and  probably  consists  of  PtC]42H01,  chloro- 
platinio  acid.    A  constitution  as  represented  by  the  plan 


\ 


CI Pt— CI 

^-^Cl— CI— K 

is  Hot  at  all  unreasonable  for  the  potassium  salt,  as  there  is  plenty  of  evidence 
^f  the  halogens  acting  as  triad  elements,  as  in  ICI3  and  many  other  cases. 

Cl^.^^^^ 

I /I— CI 

l^he  compound  (NH4)aPtS8  is  also  probably  of  a  BiroUar  t^pe  to  the  chloro- 
Platinates: 

H4NS  —  P^  ^  8— NH4 

II 
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time  in  an  air-  or  oil-bath  up  to  240®  0.,  as  long  as  any  chlorine  is 
evolved  ;  or  by  acting  with  sulphurous  acid  upon  a  solution  of  platinic 
chloride,  until  the  latter  ceases  to  give  a  precipitate  with  ammonium 
chloride.  PtCl,  is  a  greenish  grey  powder,  insoluble  in  water,  but 
soluble  in  hydrochloric  acid. 

Several  reactions  for  platinum  in  solution  are  based  upon  the  power 
which  its  salts  possess  of  oxidising  compounds  which  are  chemically 
unsaturated  ;  but  as  platinic  salts  are  not  so  easily  reduced  as  gold 
salts,  a  solution  of  the  latter  metal  is  generally  preferred.  After 
what  has  been  stated  under  "  Gold,"  the  following  reactions  will  be 
readily  understood  : 

PtCl^  produces  with  SnOl^  only  a  dark  brownish  red  colour,  owiog 
to  the  reduction  of  the  platinic  to  platinous  chloride  and  formation 
of  a  platinous  tin  chloride,  PtOJ22Sn01j  = 

Sn 

/     \ 
CI CI 

I  I 

Cl-Pt-Cl 

I       I 

CI CI 

\  / 

Sn 

PtCl^  is  reduced  by  FeSO^  only  after  long-continued  boiling. 

PtCl4  is  reduced  to  platinum  by  formic  acid,  HCO^H,  on  heatin^ 
if  the  free  acid  be  neutralised  with  sodium  carbonate. 

Metallic  zinc  precipitates  metallic  platinum. 

PtClg  is  very  readily  reduced  to  metallic  platinum  by  FeSO^  a^nt 
other  reducing  agents,  as  oxalates,  and  is  used  in  photography  T^i^f 
this  reason. 

Hydrazine  sulphate  precipitates  Pt  from  acid  solutions. 

PtClg  is  soluble  in  PtCl^  solution,  and  gives  it  a  very  dark  colour. 

Whenever  platinum  and  gold  are  contained  in  a  solution  together 
with  other  metals  of  Group  II.  it  is  preferable  to  remove  the  gold, 
by  means  of  oxalic   acid  (which  does  not  reduce  platinic  chloride), 
before  removing   the   platinum   by   evaporation   with   ammonium 
chloride. 

Gold  salts,  and  sometimes  salts  of  platinum  and  related  metals, 
are  employed  in  photography  for  "  toning  "  or  imparting  a  pleasant 
colour  of  a  more  or  less  permanent  character  to  photographic  prints. 
The  main  part  of  the  image  in  a  silver  print  or  on  a  negative  is 
metallic  silver.  On  contact  with  the  gold  solution  this  becomes 
first  coated  with  gold  and  after  some  time  completely  replaced  by 
that  metal,  the  silver  dissolving.  The  colour  of  the  print  depends 
on  the  stage  of  completion  of  this  action. 
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Separation  of  the  metals  arsenic,  antimony,  and  tin,  whose 
sulphides  are  soluble  in  yellow  ammonium  sulphide,  or  in  sodium 
hydroxide. 

The  precipitate  produced  by  the  group  reagent  is  soluble  in  yellow 
ammonium  sulphide,  or  in  sodium  hydroxide,  and  may  consist  of 
three  sulphides.  If  the  precipitate  be  of  a  dark  brown  colour, 
stannous  sulphide  is  indicated ;  if  it  be  of  a  fine  lemon-yellow 
colour,  the  presence  of  arsenious  or  stannic  sulphide ;  and  if  orange- 
coloured,  antimony. 

The  three  sulphides  are  unequally  soluble  in  hydrogen  ammonium 
carbonate.  As^S,  dissolves  freely,  SnS^  very  slightly,  and  Sb^Sj  is 
all  but  insoluble.  On  digesting,  therefore,  the  precipitate  with 
hydrogen  ammonium  carbonate  and  filtering,  arsenic  is  obtained  in 
the  filtrate,  and  the  antimony  and  tin  are  left  in  the  residue.  In 
order  to  separate  the  remaining  two  metals,  the  antimony  may 
be  partly  converted  into  antimonious  hydride — tin  not  forming  a 
gaseous  compound  with  hydrogen.  For  this  purpose  the  two  sul- 
phides are  dissolved  in  hydrochloric  acid  well  boiled  to  expel  SH^, 
and  the  solution  of  the  mixed  chlorides  introduced  into  a  Marsh's 
apparatus.  Antimony  is  detected  by  the  metallic  deposit  which 
antimonious  hydride  gives  on  porcelain,  insoluble  in  NaOOl.  Tin  with 
some  of  the  antimony  is  found  in  the  generating  flask  deposited  on 
the  strips  of  zinc  as  a  greyish  black  metal.  It  is  removed  from  the 
undissolved  zinc,  dissolved  in  hot  hydrochloric  acid  (by  the  aid  of  a 
little  platinum  foil),  and  the  solution  tested  with  mercuric  chloride. 
A  white  precipitate  of  mercurous  chloride,  Hg^jOl^,  indicates  the 
presence  of  tin. 

The  separation  of  arsenic,  antimony,  and  tin  may  thus  be  based 
upon  : 

1st.  The  solubility  of  As^Og  in  hydrogen  ammonium  carbonate. 

2nd.  The  formation  of  antimonious  hydride. 

3rd.  The  precipitation  of  tin  by  metallic  zinc. 

Several  other  methods  of  recognising  and  separating  the  metals 
tin,  antimony,  and  arsenic  will  readily  suggest  themselves,  such  as 
the  one  which  is  based  upon  : 

Ist.  The  precipitation  of  arsenic  and  antimony  in  the  form  of 
sulphides,  by  boiling  a  hydrochloric  acid  solution  of  the  three  metals 
with  sodium  thiosulphate,  tin  remaining  in  solution. 

2nd.  By  boiling  the  precipitated  As^Sg  and  SbgSg  with  hydrogen 
potassium  sulphite  and  sulphurous  acid ;  As^jSg  is  converted  into 
potassium  metarsenite,  Sb^Sg  remains  undissolved. 

A  third  method  consists  in  : 

Ist.  Removing  the  As^Sg  by  boiling  with  hydrogen  ammonium 
Carbonate.  , 

2nd.  Solubility  of  SnS  in  oxalic  acid,  Sb^Sg  being  insoluble. 

Dissolve  the  sulphides  of  tin  and  antimony  in  a  little  strong 
hydrochloric  acid,  with  the  addition  of  a  crystal  of  potassium  chlorate, 
evaporate  the  solution  till  free  from  chlorine,  make  it  slightly  alka- 
line with  NaOH,  and  add  a  cold  strong  solution  of  oxalic  acid,  when 
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the  white  precipitate  thrown  down  by  the  NaOH  easily  redissolves. 
Pass  sulphuretted  hydrogen  through  the  solution  till  no  more  jblhH- 
mony  sulphide  comes  down  ;  filter,  and  wash  the  precipitate  with 
sulphuretted  hydrogen  water.  Add  to  the  filtrate  some  dilute  hydro- 
chloric acid,  and  pass  sulphuretted  hydrogen  for  some  time  ;  a  yellow 
precipitate  indicates  the  presence  of  tin. 

A  fourth  method  of  recognising  arsenic^  antimony,  and  tin  is 
based  upon : 

The  introduction  of  a  solution  (in  HOI  by  the  aid  of  KCIO3)  of 
the  three  sulphides  into  a  hydrogen  apparatus,  and  passing  the 
evolved  ai-senious  and  antimonious  hydride  through  a  solution  of 
silver  nitrate  ;  the  tin  remains  behind  precipitated  on  the  zinc. 

The  solubility  of  the  precipitated  SbAg,,  in  tartaric  acid,  and 
precipitation  of  the  antimony  by  means  of  sulphuretted  hydrogen 
from  a  hydrochloric  acid  solution. 

The  precipitation  of  the  Agg AsO,  from  the  silver  nitrate  solution 
by  means  of  ammonium  hydroxide. 

A  fifth  method  of  recognising  the  metals  of  Group  II.b  depends 
upon  : 

1st.  The  insolubility  of  As^Sg  in  strong  hydrochloric  acid,  Sb^j, 
SnS,  and  SnS,  being  dissolved.  The  presence  of  arsenic  is  confirmed 
by  fusion  with  potassium  cyanide  and  sodium  carbonate. 

2nd.  The  precipitation  of  the  antimony  on  platinum  by  means  of 
a  strip  of  metallic  zinc  ;  a  black  stain  indicates  antimony. 

3rd.  Dissolving  the  tin  precipitated  on  the  zinc  in  warm  dilute 
hydrochloric  acid,  and  confirming  it  by  means  of  mercuric  chloride.* 

A  sixth  method  depends  upon  : 

1st.  The  removal  of  the  arsenic  from  a  precipitate  of  the  three 
sulphides  by  hydrogen  ammonium  carbonate. 

2nd.  The  precipitation  of  the  antimony  from  a  solution  of  the 
two  chlorides  by  means  of  pure  iron  wire,  the  antimony  being  sepa- 
rated in  the  metallic  state.     The  tin  remains  in  solution  as  dichloride. 

*  See  also  Table  II. 
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EEAOTIONS  OF  THE  METALS  IN  GROUP  I. 

This  gi^oup  comprises  the  metals  silvei-  tind  lead  and  mejcmy  in  tb© 
form  of  rueit;uroiia  com  pounds  which  are  preci  pita,  ted  from  solutions 
by  dilute  hydrochloric  acid. 

(1)  SILVER,  Ag' — atomie  weight  =  107f>7,  relative  weight  10'53, 
ttielting-point  about  954*^  G.-^is  sometimes  found  in  the  metallic  state 
^  crystals,  often  on  '^  native ''  copper ;  also  as  sulphide  m  silver 
glance^  EAg^^  and  in  combination  with  antimony^  as  sulpho  salt  in 
the  dark  red  silver  oi'e  { py rargy rite)^  Ag^^^bS^ ;  >vith  arsenic  as 
Silver  bulph-arsenite,  in  proustite,  Ag^AwS^j ;  as  chloride^  AgCl,  in 
"orn  silver  and  other  ores.  Many  lead  orep,  as  galena^  PbS,  contain 
^^all  quantities  of  silver. 

The  colour  of  metallic  silver  is  white,  with  a  decided  red  tint,  as 
®cen  by  repeated  reflect iona  from  tlie  surface. 

It  is  slightly  volatile  in  a  stream  of  air  w^ben  very  highly  heated, 
*^d  dissolves  oxygen  when  melted,  which  it  gives  up  again  on 
f^^Hdifying,  Air  and  water  have  no  action,  but  ozone  slightly  oxidises 
*^*  Nitric  and  t^ulphuric  £u;id8  dissolve  i^ilver,  the  latter  only  when 
'^^ted.  Hydrochloric  has  only  a  superficial  action,  Sulphur  com- 
"^ioes  with  the  metfil  dii'ectly  and  very  easily  ;  most  of  the  tarnishing 
^^  tiOver  articles  is  due  to  sulphur  compoundsj  especiall}^  ^^^t  in  the 
f^  oif  towuB.  Many  other  sulphides  also  give  up  their  sulphur  to 
*^'  Its  salts  with  the  halogens  are  very  sensitive  to  light,  becoming 
**^duced  more  or  less  to  lower  states  of  combioation, 

Bouie  of  the  salts  of  silver  are  reduced  by  free  hydrogen  being 
P^saed  through  their  solutions.  All  are  reduced  to  metal  under  the 
^^tion  of  nascent  hydrogen. 

The  chief  employment  of  silver  is  for  coinage,  which  is  generally 
^5^  alloy  of  silver  and  copper.  Silver  plate  also  contnins  copper, 
-Electro-plated  articles  have  a  layer  of  pure  silver  deposited  on  their 
Surfaces  hy  galvanic  action,  the  solution  employed  being,  genera lly, 
^*^B  of  potassiuEu  silver  cyanide.  Silver  will  form  either  definite 
^Hoys  or  mixtures  with  most  other  metals, 

fi^j}BPiinents, 

L  Silver  wire  and  thin  sheet  melts  easily  in  a  glass  tube,  and 
vea  a  yellow  stain  on  the  glass.     Otherwise  no  change. 
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1  r.  Heated  with  sulphur,  the  two  combine  quite  energetically,  a 
grey-black  crystiilline  sulphide,  Agji,  forming,  which  melts  easily,  is 
soFt  and  marks  paper.  The  metal  generally  glows  at  the  moment  of 
combination. 

III.  IICl  has  only  a  slight  surface  action,  scarcely  noticeable. 

H,SO^  when  strong  and  hot  dissolves  it,  slowly  forming  Ag,SO^ 
and  evolving  SO,.  2Ag  +  2H,S0,  =  Ag,SO,  +  2H,0  +  SO,.  The  sul- 
phate is  not  very  soluble  in  water,  and  easily  crystallises.  It  bears 
a  high  temperature  without  decomposition. 

IINO3,  ^^^^  when  i-ather  dilute,  dissolves  the  metal  easily ;  very 
strong  acid  not  so  rapidly.  Oxides  of  nitrogen  are  liberated  and 
AgNO,  formed,  which  crystallises. 

Alkalies  have  no  action,  but  ammonium  hydroxide  dissolves  the 
oxide  and  many,  if  not  all,  its  salts. 

Mercury  very  rapidly  dissolves,  or  amalgamates  the  metal. 

Dry  Reactions. 

Place  a  small  quantity  of  powdered  silver  glance,  or  the  sulphide 
made  in  Experiment  II.,  towards  the  middle  of  a  hard  glass  tube 
(combustion  tubing  of  about  \  in.  internal  diameter,  cut  with  a 
sharp  file  into  lengths  of  5  to  G  ins.  answers  best).  Heat  the  pow- 
der gradually  by  moving  the  tube  about  in  a  Bunsen  gas  flame,  and 
lastly  heat  it  strongly  towards  the  centre.  By  holding  the  tube  in  a 
slightly  slanting  position  a  current  of  air  is  made  to  pass  over  the 
ignited  sulphide  ;  the  sulphur  becomes  oxidised  and  is  carried  off  as 
sulphurous  anhydride,  readily  recognisable  by  its  pungent  odour. 
Metallic  silver  is  left,  together  with  a  little  silver  sulphate. 

Other  volatile  bodies,  such  as  antimony,  arsenic  (selenium  and 
tellurium),  which  are  frequently  present  in  pyritical  sOver  ores,  are 
likewise  oxidised,  but  are  to  a  great  extent  deposited  as  As^Og  and 
Sb^O.,  in  the  cool  part  of  the  tube. 

Mix  a  little  of  the  finely  powdered  silver  glance  (or  of  the  roasted 
ore)  with  sodium  carbonate,  and  heat  upon  charcoal  under  the 
reducing  flame  of  the  blowpipe.  A  globule  of  bright  metallic  silver 
is  left. 

Silver  ores  which  contain  no  other  fixed  element  but  silver  are 
reduced  on  charcoal  to  the  metallic  state  by  a  simple  fusion  with 
sodium  carbonate.  Antimony  and  arsenic,  if  present,  are  readily 
volatilised  as  metals  before  the  reducing  flame.  The  sulphur  com- 
bines with  the  alkali  metal. 

Silver  ores  which  contain  non-volatile  metals,  such  as  copper, 
iron,  &c.,  as  in  argentiferous  fahl  ore,  and  from  which  the  metal 
silver  could  not  be  eliminated  before  the  blowpipe  flame,  are  treated 
in  the  following  manner  : 

About  '100  grm.  of  the  finely  ix)wdered  ore  is  mixed  with  its  own 
bulk  of  powdered  borax  glass,  wrapped  up  in  a  small  piece  of  assay 
lead,*  introduced  into  a  cavity  made  in  a  good  piece  of  charcoal, 
and  fused  under  the  reducing  flame  of  the  blowpipe,  at  first  gently, 
and  after  *vards  more  strongly.  The  heat  is  kept  up  till  the  whole 
♦  Lead  free  from  silver,  prepared  from  lead  acetate. 
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mass  bus  resolved  itself  into  a  metaHic  button  and  a  clear  glassy 
borax  bead,  wbieb  does  not  adbere  to  tbe  cbarcoal.  Should  the 
metallic  button,  on  cooling,  present  a  dull  grey  surface,  indicative  of 
the  presence  of  antimony,  it  is  next  heated  in  the  oxidising  flame, 
until,  on  cooling,  it  shows  a  bright  surface.  It  is  then  detached 
Erom  the  borax,  cleaned  by  a  blow  with  a  hammer,  and  carefully 
cupelled  on  some  bone-ash  pressed  into  a  shallow  cavity  in  a  piece  of 
charcoal,  the  surface  being  made  smooth  and  thoroughly  concave 
with  the  round  end  of  a  pestle.  The  button  is  thoroughly  freed 
Prom  borax,  placed  in  the  cupel,  and  heated  in  the  oxidising  flame. 
The  lead  is  oxidised  and  absorbed  by  the  porous  bone-ash,  forming  a 
mass  of  fused  litharge  around  the  metallic  bead.  If  one  cupellation 
does  not  yield  a  brilliant  white  globule  of  silver — i.e.,  if  the  copper 
bas  not  been  entirely  removed,  a  fact  which  is  indicated  by  a  black 
colour,  instead  of  a  pale  yellow  colour  of  the  litharge,  in  the  cupel — 
the  cupellation  of  the  button  must  be  repeated  in  a  fresh  cupel,  and 
the  button,  if  necessary^  remelted  with  a  small  quantity 
of  assay  lead.  The  silver,  not  being  an  oxidisable 
metal,  is  obtained  in  the  metallic  state.  

Very  small  quantities  of  silver  may  be  separated     j'j^^  99, 
from  lead  (as  well  as  from  other  metals)  by  cupellation. 

Fuse  some  finely  powdered  argentiferous  galena,  PbSjSAg^,  on 
charcoal  before  the  reducing  flame  of  the  blowpipe,  either  alone  or 
«vith  sodium  carbonate.  A  bead  of  an  alloy  of  much  lead  and  very 
little  silver  is  left.  Expose  this  bead  on  a  small  cupel  (Fig.  90)  to 
i'he  oxidising  action  of  the  blowpipe  flame.  The  lead  is  oxidised  and 
ibsorbed  by  the  cupel,  metallic  silver  being  left. 

Chloride  of  silver  may  be  heated  on  charcoal  with  sodium  car- 
>onate,  when  a  bead  of  metallic  silver  will  be  left,  thus : 

2AgCl  +  Na^CO,  =  2NaGl  +  CO,  +  O  +  Ag,.* 

teaetions  in  Solution. 

For  the  reactions  of  silver  in  solution  silver  nitrate,  AgNOg,  dis- 
ci ved  in  water,  is  employed. 

HCl  (group  reagent)  and  soluble  chlorides  (NaCl,  &c.)  give  a 
phite  curdy  precipitate  of  silver  chloride,  AgCl,  which  turns  violet 
11  exposure  to  light.  The  precipitate  is  insoluble  in  water  and 
lilute  acids ;  slightly  soluble  in  concentrated  nitric  acid ;  readily 
oluble  in  ammonium  hydroxide,  potassium  cyanide,  and  sodium  thio- 
alphate  ;  soluble  also  to  a  considerable  extent  in  concentrated  hydro- 
hloric  acid  and  in  strong  solutions  of  alkali  and  other  chlorides.f 
lore  particularly  when  heated — lithium  chloride  dissolves  more  than 
uy  other  alkali  chloride — whence  the  dissolved  silver  chloride  is, 
owever,  reprecipitated  on  dilution  with  water. 

*  The  oxygen  represented  in  this  equation  combines,  of  course,  with  the 
irbon  of  the  cbarcoal. 

t  Silver  haloids  and  cyanide  form  what  are  in  ignorance  termed  "  double  " 
Its  with  many  other  metallic  haloid  compounds.  It  is  very  likely  due  to  a 
18  in  valency  of  the  halogen.    Cyanogen  can  also  change  its  valency. 
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Collect  the  precipitated  and  washed  AgCl  on  a  filter  and  dry  in 
an  oven  or  on  a  sand-bath.  Fuse  a  portion  of  the  dry  salt  in  a 
porcelain  crucible  over  a  small  gas  flame.  The  white  powder  fuses; 
it  undergoes  a  physical  change  only,  and  leaves  on  cooling  a  hard 
translucent  mass,  called  horn  silver. 

Place  a  small  piece  of  zinc  on  the  fused  horn  silver^  and  add  a 
drop  of  dilute  hydrochloric  acid  and  a  little  water.  The  zinc  removes 
the  chlorine  and  leaves  metallic  silver.  The  same  action  takes  place 
when  the  white  curdy  precipitate  of  silver  chloride  is  brought  in 
contact  with  strips  of  metallic  zinc. 

This  forms  a  convenient  method  of  recovering  silver  from  silver 
residues. 

NaHO,  or  KHO,  precipitates  silver  hydroxide,  AgHO,  in  the  form 
of  a  brown  powder,  which  on  ignition  gives  off  oxygen  and  water, 
leaving  metallic  silver. 

(NH^OH),  when  gradually  added,  precipitates  silver  hydroxide, 
readily  soluble  in  excess. 

SHg  precipitates  black  silver  sulphide,  SAg^,  from  acid  solutions, 
insoluble  in  dilute  acids,  in  alkalies,  alkali  sulphides,  and  potassium 
cyanide ;  readily  soluble  in  dilute  boiling  nitric  acid,  with  separation 
of  sulphur. 

HI  or  KI  gives  a  yellowish  precipitate  of  silver  iodide,  Agl, 
insoluble  in  dilute  nitric  acid  and  almost  so  in  ammonium  hydroxide 
(distinction  between  AgCl  and  Agl). 

HBr  or  KBr  gives  a  yellowish  white  curdy  precipitate  of  silver 
bromide,  AgBr,  insoluble  in  dilute  nitric  acid  ;  difficultly  soluble  in 
ammonium  hydroxide ;  readily  soluble  in  potassium  cyanide  or  sodium 
thiosulphate,  or  potassium  iodide. 

HCy  or  KOy  gives  a  white  curdy  precipitate  of  silver  cyanide, 
AgCy,  soluble  in  excess  of  the  reagent ;  insoluble  in  dilute  nitric 
acid ;  soluble  in  ammonium  hydroxide,  but  reprecipitated  by  dilute 
nitric  acid ;  soluble  in  sodium  thiosulphate.  The  precipitate  is 
decomposed  by  concentrated  boiling  nitric  acid ;  it  is  decomposed 
also  when  heated  by  itself  in  a  porcelain  crucible,  to  paracyanogen, 
metallic  silver,  and  cyanogen  gas  (distinction  from  AgOl,  Agl,  and 

^g^-^)-     .        .  .  ... 

On  placing  a  bright  and  clean  strip  of  copper  into  a  solution  oi 
silver  nitrate,  the  copper  becomes  rapidly  covered  with  a  lustrous 
coating  of  metallic  silver,  and  the  solution,  after  a  time,  gives  no 
precipitate  with  hydrochloric  acid.  The  silver  is  deposited  on  the 
copper  in  the  metallic  state,  and  the  solution  contains  now  Cu(NO,)j, 
an  equivalent  quantity  of  copper  (63*3  by  weight  of  copper  for  every 
216  of  silver)  having  been  dissolved. 

Place  a  small  globule  of  mercury  into  a  concentrated  solution  of 
silver  nitrate  on  a  watch-glass.  The  globule  of  mercury  becomes 
rapidly  covered  with  a  eiystalline  mass,  resembling  some  vegetable 
growth,  termed  arborescence.  After  a  time  the  whole  of  the  silver 
becomes  removed  from  the  solution,  which  now  contains  mercuric 
nitrate,  Hg(N03)jj,  in  the  place  of  the  silver  nitrate.  Metallic  silver 
is  precipitated,  and  forms  with  the  mercury  an  amalgam,  which  is 
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*ystalline.     This  action  has  been  known  a  long  time,  and  the  crystal- 
ne  mass  termed  a  silver  tree  {arhor  Diance). 

Strips  of  the  metals  Zn,  Fe,  Sn,  Pb,  Mg,  and  Cd  may  likewise  be 
mployed  for  the  precipitation  of  metallic  silver. 

Make  a  clear  solution  of  one  part  of  grape  sugar  and  six  to  eight 
arts  of  distilled  water,  and  a  somewhat  dilute  solution  of  silver  nitrate, 
leat  the  latter  in  a  test-tube,  nearly  to  boiling,  and  add  the  grape 
ugar  solution.  The  liquid  becomes  at  once  turbid,  and  a  greyish 
irhite  powder  of  metallic  silver  falls  to  the  bottom ;  or  a  yellowish 
7hite  metallic  deposit  forms  on  the  sides  of  the  test-tube,  which, 
►n  rubbing  with  a  glass  rod,  shows  bright  streaks  of  metallic 
lilver.  The  metallic  silver  can  be  filtered  off  and  fused  to  a  brilliant 
'lobule. 

Most  oxygen  compounds  of  silver  are  not  only  easily  decomposed 
by  a  moderately  high  temperature,  but  also  on  contact  with  organic 
compounds,  such  as  grape  sugar,  formic  acid,  and  especially  unsatu- 
rated substances,  as  aldehyde.  These  substances  in  all  instances 
become  oxidised  in  some  definite  manner. 

This  kind  of  reaction  has  found  an  important  practical  application 
in  the  manufacture  of  mirrors,  speculse  for  telescopes,  &c. 

A  number  of  organic  substances,  mostly  acids,  can  form  com- 
pounds or  salts  with  silver.  These  on  heating  decompose,  leaving 
metallic  silver,  which  often'retains  the  shape  of  the  original  crystalline 
substance. 

On  igniting  a  few  crystals  of  silver  acetate  (OHgCOgAg)  in  a 
covered  porcelain  crucible,  gently  at  first,  and  strongly  as  soon  as  no 
more  fumes  are  given  off,  a  mass  of  frosted  silver  is  left,  having  the 
shape  of  the  original  crystals. 

(2)  LEAD,  Pb". — Lead  is  sometimes  found  metallic,  but  more 
generally  in  combination  with  sulphur,  as  PbS,  in  galena ;  also  as 
carbonate,  in  lead  spar  or  white  lead  ore,  PbCOg ;  as  sulphate,  in 
lead  vitriol,  PbSO^,  in  leadhilUte,  3PbC03,PbSO„  and  in  lanarkite, 
PbCOjjPbSO^ ;  as  oxychloride,  in  mendipite,  PbCl3,2PbO ;  as  phos- 
phate and  oxychloride,  in  pyromorphite. 

The  metal  has  a  decided  blue  colour,  and  is  exceedingly  soft ;  it 
can  be  marked  by  the  finger  nail,  and  makes  a  trail  or  mark  on  paper 
when  rubbed  over  it.  It  can  be  obtained  in  crystals  from  fusion  and 
slow  cooling. 

Its  atomic  weight  =  206*4  ;  relative  weight,  11-37  ;  melting-point, 
835°  0  ;  boils  between  1450**  and  1600°  C. 

It  oxidises  superficially  on  exposure  to  air  or  water,  and  combines 
directly  with  sulphur  and  the  halogens,  but  not  very  energetically. 
Dilate  nitric  acid  dissolves  it  easily.  Acetic  and  many  other  organic 
adds  and  also  carbonic  acid  dissolve  the  metal  if  it  be  exposed  to 
air  at  the  same  time.  Its  oxide,  or  hydroxide,  is  also  soluble  in 
ilmost  any  alkaline  solution,  such  as  lime-water ;  therefore  on 
x>ntact  with  air  and  such  solutions  rapid  oxidation  of  the  metfil 
^es  place.  Solutions  of  nitrates,  but  not  of  sulphates,  net 
x>rro6ivel7  on  the  metal. 
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Sulpharic  acid  has  a  very  slow  action  on  the  metal,  a  coating  of 
insoluble  sulphate  forming  which  acts  as  a  protective  varnish.  Weak 
or  dilute  acids,  &c.,  are  more  rapid  in  action  than  concentrated 
solutions  of  reagents,  owing  to  the  slight  solubility  of  lead  salts 
generally. 

Lead  is  much  employed  for  acid  chambers  or  vessels  to  contain 
strong  acids,  for  pipes,  roofing,  bullets,  &c.  The  alloy  mostly  employed 
is  solder — lead  and  tin.  Pewter  should  contain  not  more  than  10  per 
cent.  lead.  Type  metal  is  an  alloy  of  lead  with  antimony.  It  is 
sometimes  present  in  Fmall  quantities  in  other  alloys,  as  bronze,  &c,, 
but  the  qualities  it  imparts  are  not,  as  a  rule,  desirable.  j 

Storage  cells  are  composed  of  lead  plates,  one  of  which  is  coated  I 
with  the  peroxide  or  dioxide,  PbO,,  and  the  other  with  more  or  less  < 
**  spongy  "  lead.  No  doubt  the  oxidation  of  this  spongy  or  finely 
divided  metal  is  the  origin  of  the  current  in  the  cell.  After  a  cell 
is  charged  the  condition  may  be  represented  by  PbOj  +  H^O  +  Pb 
(dil ute  sul phuric  acid  being  the  electrolyte).  After  a  cell  has  run  down 
the  condition  is  PbO  +  HjO  +  PbO,  the  lead  having  taken  oxygen 
from  an  adjacent  water  molecule,  the  hydrogen  being  driven,  or 
wandering,  to  the  negative  plate,  where  it  unites  with  some  of  the 
dioxide-oxygen. 

Lead  may  be  obtained  in  a  fine  powder,  which  takes  fire  or 
glows  on  contact  with  air,  by  gently  heating  in  a  partially  close<i 
tube  lead  tartrate,  and  some  other  compounds  of  lead  with  organic 
acids. 

Experiments. 

I.  Heated  in  tube  in  air,  Pb,  after  melting,  changes  cohxitr, 
becomes  covered  with  a  grey  film ;  on  heating  further  the  fiLi^D 
becomes  yellow  or  reddish  when  hot  and  paler  on  cooling.  Tfci^ 
changes  are  due  to  the  formation  of  oxide.  The  oxide  melts  ar»o 
attacks  the  glass. 

II.  Heated  with  sulphur,  combination  takes  place,  the  ma^^ 
becoming  red  hot  and  melting  ;  it  is  a  dull  black,  brittle  solid  whe'^ 
cold. 

III.  Warmed  with  hydrochloric  acid,  superficial  action  takes  plac^: 
the  metal  becoming  whitened,  but  little  dissolving. 

Sulphuric  acid  when  strong  also  coats  the  metal  with  white  su  ■ ' 
phate  (PbSOJ,  scarcely  any  dissolving  unless  the  acid  be  concentrate^ 
and  boiling,  when  an  acid  salt  is  formed. 

Nitric  acid  dissolves  it  easily,  reddish  fumes  escaping.  On  ev^' 
porating  in  dish  white  crystals  of  lead  nitrate  Pb(N03),  are  formed- 
A  dilute  acid  acts  quicker  than  a  strong  one. 

The  oxide  from  I.  partly  dissolves  in  HCl,  and  is  converted  int^^ 
white  sulphate  by  H^SO^.     Nitric  acid  dissolves  it. 

Comparatively  weak  acids,  acetic  and  other  organic  acid^i 
dissolve  lead  slowly,  especially  in  contact  with  air.  A  white  ctm^^ 
of  basic  or  hydrated  carbonate  may  form  on  the  metal. 

N.B. — The  manufacture  of  white  lead  depends  upon  this  be- 
haviour of  lead  towards  organic  acids. 
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Dry  Reactions. 

The  principal  blowpipe  reaction  consists  in  reduciDg  lead  com- 
pounds on  charcoal  to  metallic  lead,  either  by  themselves,  or  by  the 
aid  of  sodium  carbonate,  or  potassium  cyanide,  and  in  the  yellow 
incrustation  of  oxide  which  they  yield,  which  disappears  when  heated 
in  the  oxidising  flame,  imparting  a  blue  colour  to  the  flame.  The 
compounds  of  sulphur,  antimony,  arsenic,  and  selenium  with  lead 
are  somewhat  more  difficult  to  reduce  than  oxy-salts  of  the  metal. 
The  change  which  takes  place  when  galena  is  heated  with  sodium 
carbonate  in  a  crucible,  out  of  contact  with  air,  is  expressed  by  the 
equation : 

7PbS  +  4Na,C03  =  ^^^  +  3PbSNa,S  +  Na,SO,  +  4C0, ;  * 

but  when  heated  in  contact  with  air,  or  in  the  presence  of  an  oxi- 
dising agent  such  as  saltpetre,  the  loss  of  lead  in  the  slag  is  avoided, 
thus  : 

PbS,Na,S  +  70  +  Na^COg  =  Pb  -f-  2Na,S0,  +  CO,. 

When  galena  is  roasted  in  a  glass  tube  open  at  both  ends,  it  is 
converted  into  PbSO^,  Pb,  and  SO,,  thus : 

(1)  PbS  +  20,  =  PbSO,. 

(2)  2PbS  +  30,  =  2PbO  +  2S0,. 

(3)  PbS  +  2Pb0  =  3Pb  +   S0,.t 

With  antimonldes  or  arsenides  the  action  is  more  complex. 
With  borax  and  microcosmic  salt,  lead  compounds  give  in  the 
outer  flame  a  clear  yellowish  glass  when  hot,  which  is  colourless  when 
cold.+ 

The  presence  of  antimony,  arsenic,  and  sulphur  is  indicated,  when 
these  ores  are  heated  on  charcoal,  by  the  garlic-like  odour  and  fumes 
I      ®^  ^^fiv  ^^  SbjOj ;   or  in  a  glass  tube  open  at  both  ends,  white 
I      sublimate,  fumes,  and  odour  of  SO,. 

Reaetions  in  Solution. 

For  the  reactions  of  lead  in  solution  the  nitrate,  Pb(N03)„  or 
wetate,  (CH3C00),Pb,  is  used,  most  other  lead  salts  being  too  insoluble 
in  water. 

HCl  (group  reagent),  or  soluble  chlorides,  give,  with  a  not  too 
dilute  solution  of  lead  salts,  a  heavy  white  precipitate  of  lead  chloride, 
PbCl,,  soluble  in  much  cold  water,  readily  in  boiHng  water,  from 
which  the  lead  chloride  crystallises  out,  on  cooling,  in  fine  needles ; 
less  soluble  in  solutions  containing  dilute   hydrochloric   or   nitric 

♦  This  double  sulphide  when  heated  with  iron  filings  can  be  reduced  to 
'aetallic  lead,  the  iron  becoming  FeS. 

t  The  extraction  of  lead  from  galena  depends  upon  these  reactions. 

t  All  lead  minerals,  especially  the  antimonial  sulpho  salts,  boulangerite 
bonrnottite,  jametfoMte,  and  argentiferous  galena,  contain  more  or  less  silver, 
*•  ttay  he  ascertained  by  carefully  cupelling  the  metallic  button  on'charcoal. 
(Comp,  '^SUver."} 
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acid.  Ammonium  hydroxide  converts  it  into  a  basic  salt,  of  the 
composition  PbHOCl  (lead  chlorohydrate) — a  white  powder  almost 
insoluble  in  water. 

NaHO  or  KHO  precipitates  lead  hydroxide,  Pb(HO)„  soluble  in 
excess  of  the  reagent,  especially  on  heating.  The  Pb(HO)j  must  be 
viewed  as  acting  the  part  of  a  weak  acid,  compared  with  the  alkali 
bases  KHO  and  NaHO,  or  the  compound  may  be  looked  upon  as  a 
substituted  hydroxide,  thus : 

PbgJ  +  KHO  =  Pbg^  +  H,0.* 

NH^OH  precipitates  a  white  basic  salt,  insoluble  in  excess.  The 
precipitate  forms  only  slowly  in  a  solution  of  lead  acetate. 

SH,  precipitates  black  lead  sulphide,  PbS,  from  acid  solutions. 
If  a  large  excess  of  hydrochloric  acid  be  present  the  precipitate  is 
reddish  brown,  consisting  of  PbjSClj  (lead  sulphodichloride).  On 
diluting  considerably  with  water  a  black  precipit>ate  is  obtained. 

(NHJ^S,  or  soluble  sulphides,  precipitate  black  PbS,  insoluble  in 
dilute  acids,  alkalies,  and  alkali  sulphides.  Lead  sulphide  is  soluble 
in  hot  dilute  nitric  acid,  lead  nitrate  being  formed,  with  separation 
of  sulphur.  Concentrated  nitric  acid  converts  it  into  PbSO^,  the 
oxidation  extending  to  the  sulphur  as  well. 

H^SO^,  and  soluble  sulphates,  precipitate  a  white  sulphate,  PbS04» 
almost  insoluble  in  water,  especially  in  the  presence  of  excess  of  dilute 
sulphuric  acid  ;  insoluble  also  in  cold  dilute  acids ;  soluble  in  boiling 
hydrochloric  acid,  from  which  lead  chloride  crystallises  out  on  cooling  » 
soluble  in  potassium  hydroxide,  and  readily  soluble  in  concentrated 
solutions  of  certain  salts,  such  as  sodium  thiosulphate,  ammoniunx 
acetate  or  tartrate,  in  the  presence  of  excess  of  ammonium  hydroxide, 
from  which  solutions  H^SO^,  in  excess,  (NH4),S,  or  potassium  chro- 
mate,  precipitate  the  lead  again.  Boiling  with  sodium  carbonate 
converts  PbSO^  into  an  insoluble  basic  carbonate.  Lead  sulphate 
separates  from  very  dilute  aqueous  solutions  very  slowly,  or  only  on 
the  addition  of  alcohol  (methylated  spirit). 

Potassium  chromate  precipitates  yellow  lead  chromate,  PbCrO^ 
(chrome  yellow),  readily  soluble  in  potassium  or  sodium  hydroxides, 
difficultly  soluble  in  dilute  nitric  acid,  insoluble  in  acetic  acid. 

Soluble  carbonates  give  a  white  precipitate  of  a  basic  carbonate 
(a  sort  of  white  lead),  of  varying  composition,  usually  represented 
as  2PbC03,  Pb(0H)2,  insoluble  in  water  and  in  potassium  cyanide. 

KI  gives  a  yellow  precipitate  of  iodide,  Pbl^,  soluble  in  oaccess  of 
the  reagent ;  also  soluble  in  much  hot  water,  from  which  it  separates 
on  cooling  in  beautiful  golden-yellow  scales.  The  water  solution  is 
colourless. 

KOy  precipitates  white  cyanide,  PbCy^,  insoluble  in  excess,  soluble 
in  dilute  nitric  acid. 

♦  This  kind  of  combination  may  also  exist  in  the  case  of  Zn(HO)^  AlgCHOjg, 
and  others  which  dissolve  in  solations  of  alkali  hydroxides.  Hydrates  are 
relatively  either  positive  or  negative. 
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Soluble  phosphates,  arsenites,  and  arsenates,  silicates,  borates^ 
oxalates,  tartrates,  citrates,  ferro-  and  ferricyanides  give  precipitates 
with  lead  salts,  which  are  insoluble  in  water,  but  soluble  in  dilute, 
or  strong,  nitric  acid.  From  an  analytical  point  of  view,  however, 
these  precipitates  possess  only  a  secondary  interest. 


Metallic  iron  or  zinc  precipitates  lead  from  its  salts.  This  is  seen 
very  strikingly  on  dissolving  a  few  ounces  (30  or  40  grms.)  of  lead 
acetate  (sugar  of  lead)  in  distilled  water,  with  the  addition  of  a  little 
acetic  acid,  and  suspending  in  the  solution  a  piece  of  zinc  from  a 
thread.  The  zinc  becomes  covered  with  a  beautiful  crystalline 
deposit  of  metallic  lead,  which  increases  rapidly  if  the  solution  be 
left  undisturbed,  and  acquires  the  appearance  of  the  branch  of  a  tree 
[whof  Satumi),  The  metallic  structure  can  be  preserved  for  days 
in  unaltered  beauty.  On  removing  the  precipitated  lead  from  the 
piece  of  zinc,  the  latter  is  found  much  corroded  and  considerably 
diminished  in  size  and  weight.  The  lead  may  be  collected  on  a  lilter 
and  washed  with  water,  dried,  and  fused  in  a  crucible,  under  a 
covering  of  borax,  to  a  bright  metallic  button.  A  chemically 
equivalent  weight  of  zinc  to  the  precipitated  lead  {i.e.,  65  parts  by 
weight  of  zinc  for  every  207  of  lead)  has  dissolved,  and  is  found  in  the 
solution,  in  the  form  of  zinc  acetate.  The  atomic  weights  of  Zn  (65) 
wid  Pb  (207)  can  be  determined  roughly,  by  weighing  the  metallic 
anc,  before  and  after  immersion,  as  well  as  the  precipitated  lead. 

Heat  a  little  red  lead,  PbjO^,*  in  a  small  porcelain  crucible,  or  in 
a  test-tube,  to  which  a  delivery  tube  is  attached.  Oxygen  gas  is 
given  off,  which  may  be  collected  in  the  usual  manner  over  water. 
The  residue  is  dark  yellow,  and  on  cooling  turns  bright  yellow.  It 
consists  of  lead  oxide,  PbO  (litharge),  according  to  the  equation  : 

2Pb30,  =  6PbO  +  0,. 

Treat  a  little  PbjO^  with  strong  hydrochloric  acid  in  a  test-tube, 
^nd  heat  gently.  A  greenish  yellow  gas  comes  off,  and  lead  chloride 
is  produced  in  the  solution.  The  gas  is  readily  recognised  as  chlorine 
^y  its  property  of  bleaching  litmus  paper  : 

PbjO,  +  8H01  =  3PbCl,  +  40H,  +  CI,. 

Treat  another  portion  of  red  lead  with  dilute  nitric  acid.  The  red 
colour  changes  to  brown — the  colour  of  lead  dioxide,  PbO,.  The 
i^68ction  is  expressed  by  the  equation  : 

Pb,0,  +  4HNO3  =  2Pb(]Sr03),  +  PbO,  +  20H2. 

Lead  can  thus  combine  either  with  one  or  two  atoms  of  oxygen 
^  form  PbO  or  PbO, ;  and  red  lead  may  be  regarded  as  a  compound 
®^  these  two  oxides. 

*  The  composition  of  commercial  red  lead  is  more  correctly  expressed  by 
theformuUPb405. 
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The  minerals  plattnerite,  PbO„  and  minium,  Pb,0^  represent  the 
corresponding  natural  oxides. 

H,SO^  forms  with  PbO  the  sulphate,  PbSO^  oxygen  being 
given  off. 

PbO,  absorbs  sulphur  dioxide  readily,  forming  PbSO^. 

HCl  on  heating  with  lead  dioxide  yields  chlorine. 

(8)  MERCURY.— (Mercurosum)  'HV     (See  ante.) 

A  solution  of  mercurous  nitrate,  HgjCNO,),,  is  used,  most  of  the 
other  mercurous  salts  being  insoluble. 

HCl  (group  agent),  or  soluble  chlorides,  give  a  white  precipitate 
of  mercurous  chloride,  Hg^Cl,  (calomel),  which  is  insoluble  in  dilute 
acids  and  is  blackened  by  KHO  or  NH^H ;  the  latter  converts  it  into 
mercurosoammonium  chloride,  NH,Hg,Cl,  Mercurous  is  converted 
into  mercuric  chloride  by  the  action  of  chlorine  water.  Concen- 
trated hydrochloric  acid  converts  it,  upon  long-continued  boiling, 
into  HgCl,  and  grey  metallic  mercury.  Nitric  acid  oxidises  it  readily 
into  HgCI,  and  Hg(N03)2,  with  evolution  of  nitrous  fumes.  Diy 
IlgjjClj,  sublimes  unchanged. 

NaHO  or  KHO  gives  a  black  precipitate  of  mercurous  oxide, 
Hgfiy  insoluble  in  excess. 

NH^OH  produces  a  black  precipitate  of  basic  di mercurosoam- 
monium nitrate,  (NH,HgN03),HgjO. 

The  precipitate  is  insoluble  in  excess. 

SH,  precipitates  black  mercurous  sulphide,  'Hg',S,*  insoluble  in 
excess  or  in  dilute  acids ;  soluble  in  aqua  regia  or  in  yellow  potassium 
sulphide.  When  boiled  with  concentrated  nitric  acid,  the  second 
atom  of  mercury  in  Hg,S  is  converted  into  HgCNO,),,  and  a  white 
compound  of  mercuric  nitrate  and  sulphide  is  formed. 

(NHJjjS  produces  the  same  black  precipitate. 

A  clean  strip  of  metallic  copper  precipitates  metallic  mercury 
from  mercurous  solutions,  cupric  nitrate  being  left  in  solution.  On 
gently  rubbing  the  greyish  deposit  with  a  piece  of  wash-leather  the 
surface  becomes  bright  and  shining  like  silver.  The  more  electro- 
positive metals,  Bi,  Cd,  Cu,  Fe,  Pb,  Zn,  precipitate  the  less  electro- 
positive mefcil  Hg. 

Sulphurous  acid,  ferrous  sulphate,  or  stannous  chloride  produce 
a  grey  precipitate  of  metallic  mercury.  On  decanting  the  liquijl 
and  boiling  the  grey  deposit  with  hydrochloric  acid  distinct  metallic 
globules  are  obtained.     The  changes  may  be  expressed  thus : 

Hg.>(N03),  +  H,SO,  +  OH,  =  2Hg  +  2HN0,  +  H,SO,. 
3Hg,(N03),  +  (;FeSO,  =  6Hg  +  2Fe,(S0,),  -I-  Fe,(NO,),. 
Hgv(N03),  +  SnCl,  +  2HC1  =  2Hg  +  SnOl,  +  2HN0,. 

Meicurous  salts  thus  act  the  part  of  oxidising  agents,  when  coming 
in  contact  with  more  powerful  reducing  agents. 

*  The  substance  appears  to  be  a  mixture  of  mercuric  snlphide  and 
mercury,  as  is  shown  by  the  ready  action  which  concentrated  nitric  acid  has 
upon  it. 
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A  method  of  separating  the  metals  of  Group  I.  will  readily 
suggest  itself  from  the  following  facts : 

Ist.  The  solubility  of  PbCl^  in  boiling  water. 
2nd.  The  solubility  of  AgCl  in  NH.OH. 

3rd.  The  conversion  of  the  ^gfi\  into  black  NH^Hg^Cl  by  the 
action  of  NH.OH. 

Table  I.  in  the  analytical  tables  embodies  this  method  of  sepa- 
ration, but  this  is  not  the  only  plan,  and  the  student  should  be  exer- 
cised in  devising  other  methods. 


Before  proceeding  to  the  study  of  the  reactions  for  acids  the 
student  will  do  well  to  tabulate  in  a  concise  way  the  knowledge 
gained  of  all  the  metallic  oxides,  hydroxides,  sulphides^  carbonates, 
neutral  as  well  as  basic,  &c.,  and  remember  the  reactions  to  some 
extent,  at  any  rate  so  as  to  be  able  to  make  use  of  them  to  evolve 
other  methods  of  separation  therefrom. 

Much  precise  information  will  be  gained  by  working  out  in  a 
tabular  form  illustrated  by  equations : 

(1)  The  solubility  of  all  the  metals  hitherto  treated  of —     , 

(a)  In  dilute  and  concentrated  hydrochloric  acid. 

(b)  In  dilute  and  concentrated  nitric  acid. 

(c)  In  dilute  and  concentrated  sulphuric  acid. 

(d)  In  aqua  regia. 

(2)  The  solubility  of  the  metallic  oxides  and  sulphides  obtained 
by  double  decomposition  in  solution,  in  the  different  acids,  in  caustic 
alkalies,  and  in  alkali  sulphides. 


CHAPTER  XIV. 

NON-METALLIC   ELEMENTS. 

The  non-metals  are  more  varied  in  physical  character  than  the  mefca»ls. 
Some  are  solids  but  lack  any  general  property,  like  metallic  lusti^e; 
one  at  least  is  liquid,  and  some  are  gases  at  common  temperatux*€s. 
They  are  as  a  rule  bad  conductors  of  heat  and  electricity,  but  to  fcliis 
there  are  exceptions.  There  is  a  peculiarity  very  evident  amoiEgst 
non-metals  which  is  not  so  much  known  amongst  metals,  in  t>l:iat 
some  of  them  under  certain  conditions  can  exist  in  very  different 
physical  states,  and  this  difference  in  physical  state  is  to  some  extent 
attended  by  a  considerable  difference  in  their  chemical  behaviour. 
They  are  said  to  form  allotropic  varieties. 

CARBON,  C",  ^^.     Varieties  :  o,  diamond  ;  /3,  graphite  ;  y,  charcoal- 
Atomic  weight,  11*97.     Vapour  density  undetermined;  not  vol»t>il® 
at  any   known   temperature.      Specific    gravity:    diamond,    3"^2; 
graphite,  217;   charcoal,  various,  depending  on  source,  from  1*1  t^ 
1*5. — Diamond   is   the   hardest    body   known.      Wood-charcoal    i^ 
friable,  and  marks  paper  with  a  dull  black  streak.     Graphite  mak®^ 
a  shiny  and  not  quite  black  mark.     Cokes,  from  coal,  and  gas  carbon 
do  not  mark  paper.     Melting-point  of  carbon  unknown  ;  fusible  ao^ 
volatilised  in  the  electric  furnace  only.      Carbon  occurs  in  nature  i^ 
two  distinct  crystalline  modifications  as  diamond  and  graphite.     Tl^^ 
several  modifications  exhibit  great  diversities  of  colour,  lustre,  tr»i^®' 
parency,  hardness,  and  power  of  conducting  heat  and   electricity* 
With  the  exception  probably  of  melted  iron,  C  is  insoluble  in  ^^ 
known  solvents. 

y-Carbon  when  subjected  to  a  red  heat  burns  in  the  air  or  oxyg^^ 
with  production  of  carbon  dioxide ;  the  more  compact  forms  ^* 
carbon,  graphite,  or  gas  carbon  burn  with  difficulty  in  the  air  aloO^* 
a-C,  or  diamond,  will  not  burn  even  at  a  red  heat  in  air,  but  readiV 
in  pure  oxygen.  Graphite  or  diamond  is  not  attacked  by  stroJ^^ 
nitric  acid,  but  charcoal  is  oxidised.     (See  aiite,) 

SILICON,  Si^^.  Varieties:  a,  adamantine ;  /3,  graphitic ;  y,  amorpho*^^* 
Atomic  weight,  28.  Specific  gravity,  a  =2*19to2*49;  (i  (graphiti^j 
=  2*00. — This  element,  although  widely  distributed  in  nature,  ^^ 
never  found  in  the  free  state,  but  chiefly  in  combination  with  oxyg©^' 
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.  the  crystalline  condition  as  quartz,  <kc.,  and  in  the  amorphous 
mdition  as  opal,  flint,  &c. 

Silicon  exists  in  cast  iron  in  conditions  perhaps  analogous  to  the 
ates  in  which  carbon  exists  in  that  substance^  that  is,  both  com- 
ined  and  in  solid  solution. 

It  is  supposed  to  melt  between  the  melting-points  of  cast  iron 
id  steel,  but  this  is  doubtful. 

Amorphous  silicon  is  a  dark  brown  powder  which  soils  the  fingers. 
IThen  heated  in  the  air  it  takes  fire,  burning  to  SiO^.  Heated  in  a 
ficuum,  it  becomes  denser  and  assumes  a  graphitic  appearance,  after 
hich  it  oxidises  much  less  rapidly  on  heating  in  air. 

It  may  be  easily  obtained  by  heating  sand,  SiO^,  with  magnesium 
lings,  and,  after  cooling,  washing  the  product  with  very  dilute 
[01. 

Hydrofluoric  is  the  only  acid  which  singly  attacks  silicon. 

Heated  with  KHO  or  NaHO,  silicates  are  formed,  with  evolution 
■  hydrogen  :   Si  +  4KH0  =  Si(KOX  +  2H,. 

Many  metals  when  in  a  fused  state  dissolve  and  usually  combine 
ith  silicon — for  instance,  iron,  aluminium,  magnesium,  and  othei'S. 
n  cooling,  the  Si,  or  a  compound,  a  silicide,  crystallises  out  to  some 
:tent,  and  may  be  isolated  by  treating  the  metal  with  an  acid,  as 
lute  HCl. 

Some  silicon  steels  and  silicon  bronzes  are  used  to  a  limited 
:tent. 

Silicon  combines  directly  with  halogens  and  also  with  sulphur  at 
high  temperature.  From  the  silicon  chlorides  carbon  compounds 
Lve  been  formed — so-called  organo- silicon  compounds.  From  these 
iloid  compounds  silicon  is  obtainable  by  the  action  of  the  alkali 
etals. 

speriments. 

I.  Sand  is  the  most  abundant  silicon  compound.  It  is  SiO^, 
id  undergoes  no  change  when  heated.  Acids  and  most  other 
tagents  have  little  or  no  action  upon  it. 

II.  Fine  sand  mixed  with  magnesium  powder  or  filings  and  heated 
.  a  tube  is  reduced  to  silicon  and  a  compound  of  magnesium  and 
Licon,  SiMgg.  The  mixture  gets  very  hot  during  the  reaction,  and 
•ten  flies  out  of  the  tube.  1  grm.  fine  sand  and  "2b  grm.  Mg  filings 
ill  be  enough  at  once.  On  putting  the  product  into  dilute  HCl 
ydrogen  and  SiH^  are  given  off,  and  the  SiH^  generally  takes  fire. 

brown  powder  settles  down,  which  should  be  washed  once  with  very 
ilute  HCl  and  then  with  alcohol  and  dried. 

The  brown  amorphous  Si  may  be  (i)  heated  in  a  tube  in  air — it 
bould  glow ;  (ii)  heated  with  NaOH — hydrogen  should  be  evolved. 

tORON,  B',  ^;  a,  /3,  y.  Atomic  weight,  10-94.  Specific  gravity, 
J* 53. — Boron  occurs  in  nature  in  borax  and  boracic  acid ;  never  in 
ihe  free  state.  Three  varieties  of  boron  are  known — amorphous,  y; 
Qaonoclinic^  /3;  quadratic,  a.  The  latter  variety  is  very  hard.  Some 
of  these  varieties  have  been  obtained  by  dissolving  boron  in  melted 
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metab — for  instance,  aluminium — and  there  is  some  doubt  whether 
all  the  solvent  metal  has  been  quite  removed.  Amorphous  boron  when 
unignited  is  slightly  soluble  in  water,  but  not  in  water  containiDg 
acids  or  salts. 

Amorphous  boron  is  a  brown  powder  which  does  not  oxidise  in  the 
air  or  in  oxygen  gas  at  ordinary  temperatures,  but  at  about  300°  C. 
it  burns,  the  product  being  boric  oxide  or  anhydride,  B^Og. 

Boron  unites  with  nitrogen,  the  halogens^  and  sulphur  directly, 
and  also  with  some  metals,  it  forms  thi*ee  classes  of  compounds, 
direct  binary  compounds  of  boron  and  another  element  and  two 
oxidation  stages. 

This  element  is  not  used  as  such,  but  its  compounds  with  oxygen 
are  largely  employed. 

Experiments. 

The  oxide  Bfi^  is  the  most  common  oxygen  compound ;  it  is  con- 
tained in  borax,  which  is  much  employed  as  a  flux  for  soldering. 

I.  When  heated,  B^O,  simply  melts;  no  further  change  takes 
place. 

it  dissolves  in  water,  acids,  and  alkalies,  but  without  any  charao^ 
teristic  reactions. 

The  solution  in  water  is  very  faintly  acid,  if  at  all.  Turmeric 
paper  turns  brown,  as  it  does  with  an  alkali.  It  distils  rapidly  with 
steam,  and  can  thus  be  evaporated  away. 

II.  The  acid  is  obtained  by  making  a  strong  solution  of  borax, 
B^OyNa^,  in  water  and  adding  HCl.  White  crystals  quickly  form. 
If  the  water  be  poured  away  and  alcohol  added  to  the  crystals  they 
dissolve.  The  alcohol  solution,  warmed  in  a  test-tube  and  the  alcohol 
vapour  set  alight,  burns  with  a  green -edged  flame.  This  distinguishes 
boron,  or  boric  acid,  from  copper  or  barium,  neither  of  which  is 
carried  up  in  alcohol  vapour. 

III.  Amorphous  boron  may  be  obtained  in  a  similar  way  to  silicon, 
by  heating  a  mixture  of  dry  borax  or  B^Og  with  magnesium  filings  in 
a  strong  tube.  The  action  is  energetic.  After  cooling  the  product 
is  to  be  treated  with  very  dilute  HOI  once  or  twice,  and  then  washed 
with  alcohol.     It  is  a  brown  powder  after  drying. 

IV.  Heated  in  air  in  an  open  tube,  it  burns,  forming  B^Oj. 

OXYGEN,  O",  a  and  /3  (see  ante).  Atomic  weight,  15*96  ;  liquid 
under  ordinary  pressure  at  - 193°.  Specific  gravity,  a  liquid, 
0-979-0-989  ;  as  gas,  1  -105  (air  =  1) ;  1  litre  =  1*429  grms.  Oxygen 
occurs  in  nature,  in  the  free  state  in  the  atmosphere  and  in  immense^ 
quantity  combined  with  metals,  as  oxides,  silicates,  carbonates,  &c. 
Although  the  absolute  amount  of  free  oxygen  contained  in  the  air 
is  very  great,  the  proportion  which  the  free  oxygen  bears  to  that  in 
a  state  of  combination  is  but  very  small. 

a-Oxygen  dissolves  appreciably  in  water ;  some  metals  also  absorb 
oxygen  when  in  the  molten  state,  and  give  it  off  again  on  cooling — 
e.g. J  silver.  From  the  energy  of  its  chemical  combinations  with 
other  substances,  oxygen  is  very  easy  to   distinguish.     It  forms 
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cona pounds  with  nearly  every  other  elementary  subj^anee,  in  many 
cja^aes  directly. 

Substances  that  burn  in  ftir  burn  in  oxygen  with  increased  ^bril- 
liancy,  such  as  phosphorus,  carbon,  eulphnr,  Ac- 
Free  oxygen  is  absorbed  by  pyrogallic  acid  rendered    slightly 
el  kali  ne,  and  thiij  teist  is  used  in  gas  analysis.      The  solution  i^piiHy 
t^tirng  brown  when  much  oxygen  Ik  present.* 

Ozone  (see  ante)  is  formed  by  the  eilent  electric  discharge ;  by 
slow  oxidation  of  phoaphorua ;  by  some  gases  burning  in  excess  of 
air. 

One  of  the  most  characteristic  tests  for  05?one  is  its  effect  on  mer- 
cviry.  The  metal  at  once  loses  its  mobility,  and  adheres  to  t lie  surface 
af  the  glass  in  a  thin  miiTor-  A  single  bubble  of  oxygen  containing 
OS?; one  will  alter  the  appearance  of  several  pounds  of  mercury,  taking 
Rway  its  lustre  and  the  convexity  of  itss^urface.  Free  « -oxygen  has 
tio  action  on  potassium  iodide,  whereas  ^-0  decomposes  it  into  free 
icxiine  and  potassium  hydi-oxide.  Potassium  iodide  and  starch  paste, 
Di"  [>aper  smeared  over  with  a  mixture  of  the  two,  when  exposed  to 
/^-osygen,  becomes  of  a  purple  or  deep  blue  colour ,  due  to  the  liberated 
locjioe  combining  with  the  starch. 

SULPHURt  S'',  ^%^'  (see  ante).  Several  varieties.  Atomic  weight, 
Bl  -;)3  Specific  gravity,  a  (rhombic)  =  2'07  ;  /I  (manotdinic)  —  l'9(i ; 
y  (amorphous)  =  192.  Melting-point  depends  on  variety,  ranging 
t>etflreen  112^0.  and  120"  C. ;  aolidifie?,  114°  0.  Boiling-point, 
^40^  0. — Is  found  in  nature  in  the  free  or  native  state  in  the 
^^ighhourhood  of  extinct  as  well  as  active  volcanoeSj  in  Sicily,  and 
^anj  other  places. 

It  occurs  in  commerce  either  in  stick.s,  known  as  roll  sulphur,  or 
^n  the  amorphous  state  as  a  pale  yellow  powder,  known  as  flowers  or 
floiir  of  sulphur. 

Sulphur  is  best  recognised  by  means  of  its  two  well-known  oxida- 
tion products,  sulphurous  and  sulphuric  oxide,  SO^,  HO^ ;  oxides  of 
''he  forms  ^jOy^  and  S^Oj  also  exist,  but  are  very  unstable, 

Nitrogen,  K\  "\  ^  Atomic  weight,  U.  ^specific  gravity, 
^'9(53.  Specific  gi-avity  of  liquid  at  0°  C.  and  275  atmospheres  pres- 
su  fe — 0 '  B  7  ;  1  iqnid  u  n  dpr  ord  i  nary  pr ©ssu  re  at  -  1 1)  3  ^""200  '^.  1  1  ttre 
^tiighs  1  *245  grms. — Nitrogen  exists  in  the  air  in  the  free  state 

*  A  solution  of  copper  oxide  in  flmmotiifl,  rendered  colaqrlesj^i  by  digestion 
^Hh  eacess  of  metaUic  copper;  othe^wie^e  a  solntioTj  of  cuprous  oxide  in 
^tQjQpj^ia^  absorbs  ox j gen  and  turns  blue.  This  is  a  very  delicate  test  for  free 
?^^eo.  The  reagent  is  befet  made  by  dissolving  cnpric  chloride  in  strong' 
^Cl,  and  boiling  the  solution  with  some  copper  turnings.  It  will  produce  a 
'^^rk  brown  solution,  which  is  thrown  into  a  considerable  quantity  of  water 
thai  hoM  previously  brien  boiled  to  expel  air^  and  then  cooled.  A  white  pre- 
cipitate of  Cu^CIj  is  formed^  which  may  be  Wiiiihed  with  ttilute  alcohol  and 
^''ied.  It  will  then  keep  any  time,  A  small  quantity  is  then  dissolved  in 
strong  ammonia  in  a  Binall  bottle  kept  quite  full  and  also  containing  copper 
*'^rnings»  Taking  out  the  stopper  in  the  air  will  be  sufficient  to  cause  a  blue 
Coloration.  Perrons  oxalate  dissolved  in  an  alkali  oxalate  also  absorbs  O 
^'^pidly,  turning  dark  red. 
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mechanically  mixed  with  oxygen  ;  and  combined  in  certain  salts,  as 
nitrates,  and  also  in  both  vegetable  and,  especially,  animal  substances. 
It  may  be  obtained  pure  from  nitrites  and  ammonia  salts  by  the 
reaction :  KNO,  +  NH.Cl  =  KCl  +  2H,0  +  N,.  (See  ante.) 

PHOSPHORUS,  P',  ^,  %  a,  /3,  y.  Atomic  weight,  30-96.  Vapour 
density,  4*35  to  4*50.  Specific  gravity,  ordinary  waxy,  a,  1'76-1"83; 
red,  ft  220 ;  metalline,  y,  2*34.  Melting-point,  44°. — Phosphorus  • 
never  occurs  in  nature  in  the  free  state,  but  chiefly  in  combination 
with  lime  and  alumina  as  phosphates.*  In  commerce  it  is  obtainable 
in  two  forms — viz.,  common  colourless  or  octahedral  phosphorus, 
usually  in  the  form  of  sticks,  and  the  red  or  amorphous  phosphorus, 
in  the  form  of  powder. 

Ordinary  phosphorus  is  nearly  insoluble  in  water,  readily  soluble 
in  chloride  of  sulphur  and  carbon  disulphide,  from  which  crystals  of 
phosphorus  can  be  obtained  on  evaporation,  and  in  most  organic 
liquids,  as  ether,  alcohol,  benzene,  vegetable  and  mineral  oils,  &q.  &^- 
The  luminosity  of  free  phosphorus  in  the  dark,  and  the  peculiar 
smell  of  this  element  produced  when  it  is  exposed  to  air  and  slowly 
oxidising,  renders  its  detection  comparatively  easy.  Phosphorus  is 
a  bad  conductor  of  electricity  either  in  the  fluid  or  solid  state.  It 
is  highly  poisonous.  Ordinary,  or  a-phosphorus,  is  extremely  inflam- 
mable, taking  fire  in  the  open  air,  often  spontaneously ;  it  burns 
with  a  yellowish  green  flame,  emitting  dense  white  fumes  of  phos- 
phoric anhydride  and  some  lower  oxides.  It  is  not  attacked  by  strong 
hydrochloric  acid  except  under  pressure,  but  concentrated  sulphuric 
acid  is  reduced  by  it  to  sulphurous  anhydride,  and  on  heating  even 
to  sulphur.  Mitric  acid  oxidises  it  to  phosphoric  acid  on  long-continued 
boiling. 

Very  minute  traces  of  free  phosphorus  may  be  detected  by  the 
characteristic  flame,  like  that  of  phosphoretted  hydrogen,  which  is 
evolved  when  the  substance  containing  it  is  exposed  to  the  action 
of  nascent  hydrogen.  The  substance  is  introduced  into  a  flask  fitted 
up  like  Marsli's  apparatus  for  the  detection  of  arsenic.  If  phos- 
phorus be  present,  the  evolved  gas  contains  phosphoretted  hydro- 
gen, and  will  burn  with  a  green  flame  when  the  end  of  the  jet 
is  kept  cool.  The  gases  may  also  be  aspirated  through  a  nitric 
acid  solution  of  ammonium  molybdate,  when  a  characteristic  yellow 
precipitate  will  be  formed,  or  through  a  solution  of  AuOlj,  when 
an  intense  red  colour  will  be  produced  by  the  reduction  of  metallic 
gold  in  a  fine  state  of  division.  A  piece  of  blotting-papgr  moistened 
with  silver  nitrate  and  held  in  the  gas  will  become  brown  or  black 
when  only  most  minute  traces  of  phosphorus  are  present.  Sulphides 
must,  of  course,  be  absent. 

Red  or  /3-phosphorus  is  obtained  by  heating  a-phosphorus  to 
between  300*  and  400^,  therefore  under  pressure,  or,  better,  by  melt- 
ing with  a  little  iodine.  A  certain  small  quantity  of  iodide  of  phos- 
phorus is  formed,  and  by  some  molecular  agitation  much  ordinary 
phosphorus  is  converted  into  the  red  variety.  It  is  insoluble  in  all 
♦  See  "  Calciam"  and  *'  Aluminium  *'  for  minerals. 
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►Ivents,  and  not  acted  upon  by  oxygen  at  the  ordinary  tempera- 
ire.  It  burns  like  a-phosphorus,  however,  when  heated  in  the  air 
)  about  300*^  C.  Chlorine  or  iodine  combine  with  it  directly,  and  if 
ater  be  present  both  hypophosphorous  acid,  HPO^,  phosphoric  acid, 
ad  a  haloid  acid  are  produced. 

The  phosphoric  acid  may  then  be  tested  for  by  a  nitric  acid  solu- 
ion  of  molybdate.  A  very  small  particle  of  /3-phosphorus,  a  bit  of 
ifety-matchbox  striker,  will  give  the  reactions  of  phosphorus  on 
^arming  with  a  small  crystal  of  iodine  and  one  drop  of  water  in 
test-tube,  and  after  the  reaction  a  few  drops  of  nitric  acid  and 
mmonium  molybdate  added.  Phosphorus  is  contained  in  some 
Hoys  known  as  phosphor  bronzes. 

Some  pig-irons  contain  as  much  as  2  per  cent,  of  this  element. 

Ixperiments. 

Waxy  phosphorus  is  sold  in  sticks  or  rods  and  kept  under  water, 
hey  have  generally  a  whitish  coating,  supposed  to  be  produced  by 
.he  action  of  light.  Amorphous,  or  red,  phosphorus  is  a  powder  of 
nore  or  less  purple-red  colour. 

Yery  great  care  must  he  taken  in  handling  waxy  pliosphorus,  as  it  is 
iableto  take  fire  in  air  and  the  ham  is  difficult  to  heal.  It  must  he  cut 
'Mist  wet  with  water  and  dried  hy  a  little  hlotting-paper.  For  the 
experiments  a  very  small  piece,  not  larger  than  an  ordinary  match 
bead,  may  be  taken.  The  same  amount  will  also  be  enough  of  the 
red  phosphorus, 

I.  Heated  in  a  tube,  ordinary  P  melts  on  very  gently  warming 
and  gives  off  a  peculiar  odour.  It  very  quickly  takes  fire  and 
gives  a  thick  white  smoke.  A  piece  of  blue  litmus  paper  held  in 
this  smoke  as  it  escapes  from  the  upper  end  of  the  tube  is  reddened. 
The  tube  will  have  yellowish  or  red  rings  left  in  it  above  where  the 
piece  of  P  was.  These  are  due  to  some  of  the  red  or  /3-P  formed 
hy  some  phosphorus  vapour  being  heated  to  the  ** changing" 
temperature.  jS-phosphorus  requires  to  be  much  more  strongly 
heated  before  it  takes  fire.  The  same  products  are  formed  as  it 
hums. 

IL  A  tiny  piece  of  waxy  P  dropped  into  about  half  an  inch  of 
turpentine  or  sulphide  of  carbon  in  a  test-tube  dissolves  almost 
immediately  on  contact.  On  allowing  the  solution  to  evaporate  in  a 
to  or  pouring  a  few  drops  on  blotting-paper  it  takes  fire  spon- 
ianeously  when  the  solvent  has  evaporated. 

III.  Sulphuric  acid,  when  concentrated  and  boiled  on  phosphorus, 
•xidises  it,  SO,,  and  sometimes  even  sulphur,  being  liberated, 
'trong  nitric  oxidises  and  dissolves  both  kinds  of  phosphorus, 
ted  fumes  of  oxides  of  nitrogen  are  evolved  and  phosphoric  acid 
»rmed.  On  evaporating  the  nitric  away  a  clear  glassy  substance, 
etaphosphoric  acid,  is  left.  Hydrochloric  acid  has  no  action  on 
bher  kind  of  phosphorus. 

IV.  A  small  piece  of  dry  a-phosphorus,  very  gently  warmed  in  a 
}t-tabe  with  a  tiny  crystal  of  iodine,  rapidly  undergoes  the  change 
U)  the  S  modification.     At  the  same  time  some  phosphorus  iodide, 
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Ply,  is  formed.     If  any  moisture  be  present  this  decomposes,  and 
fumes  of  HI  escape  from  the  tube. 

V.  Alkalies,  including  CaO  and  BaO,  but  not  ammonia,  when 
warmed  with  a-phosphorus  give  off  PH,,  and  a  salt  of  HgPOj  is 
formed.  This  should  be  done  in  a  test-tube  only.  It  may  have  a 
cork  and  delivery  tube. 

3Ba(0H),  +  2P,  +  6H,0  =  3Ba(H,P0,),  +  2PH3. 

VI.  Phosphorus,  either  a  or  /3,  combines  directly  with  metals. 
Place  a  small  particle  of  red  phosphorus  on  platinum  foil;  heat 
over  the  flame.  At  about  the  temperature  of  change  of  state  a 
phosphide  of  platinum  forms  and  melts  a  hole. 


The  Halogens, — The  four  substances  F,  CI,  Br,  I  form  a  very 
well  marked  group  of  elements.  This  is  shown  by  both  their 
physical  and  chemical  properties. 

Boiling-points  of  the  halogens  in  absolute  degrees  C. : 

F     87°  =  -196° 

CI  240°  =  -    33° 

Br  337°  =  +   64°  j 

I    400°  =  + 187°  j 

The  "  halogens  "cannot  be  obtained,  practically,  by  heating  their 
compounds  with  the  common  metals,  but  the  haloid  compounds  of 
Au,  Pt,  Pd,  and  one  or  two  other  metals  of  that  class,  are  decom- 
posed on  heating  to  redness.  Many  haloid  salts  may  be  electrolysed 
in  water  solution  and  the  haloid  collected.  Most,  if  not  all,  haloid 
salts  electrolyse  easily  in  a  fused  state.  The  ordinary  methods  of 
obtaining  CI,  Br,  and  I  depend  on  the  oxidation  of  the  hydrogen 
compounds.  The  action  of  bleaching  is  the  reverse  of  this,  as  it 
depends  on  the  halogen  taking  hydrogen  from  water  and  liberating 
(probably)  active  oxygen. 

FLUORINE,  F'.  Atomic  weight,  19.— Fluorine  occurs  in  combina- 
tion with  calcium,  aluminium,  potassium,  sodium,  &c.,  in  minerals 
like  fluor  spar,  cryolite,  <fec.  It  is  also  found  in  the  teeth  and  bones, 
and  in  many  silicates  and  phosphates,  and  hence  occurs  in  soils  in  small 
quantities,  from  whence  it  is  taken  up  by  plants.  The  hydrogen 
compound  of  fluorine  is  treated  of  under  "  Acids.  " 

Fluorine  is  a  gas,  under  ordinary  conditions  of  temperatnre,  which 
attacks  nearly  all  substances,  metals  or  non-metals,  and  many  com- 
pounds, especially  if  they  contain  hydrogen.  With  oxygen  and 
nitrogen  it  does  not  seem  to  combine. 

The  most  satisfactory  method  of  preparation  (isolation)  is  by  the 
electrolysis  of  KF  in  solution  in  anhydrous  HF,  at  a  low  tem- 
perature in  a  platinum  vessel.  Glass  vessels  cannot  be  employed 
at  any  temperature  much  above  that  of  boilitig  oxygen  (  -  188°), 
on  account  of  the  formation  of  SiF^.     On  cooling  to  about  - 187*^ 
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fluorine  forms  a  pale  yellow  liquid  of  great  mobility.  At  this  low 
temperature  nearly  all  its  chemical  activity  ceases,  for  sihcon,  boron, 
carbon,  sulphur,  phosphorus,  and  some  other  elements  are  not 
affected,  nor  are  iodides  decomposed,  but  benzene  and  turpentine 
become  incandescent,  and  with  hydrogen  it  explodes.* 

Liquid  fluorine  seems  to  mix  in  all  proportions  with  liquid  air.  It 
does  not  solidify  at  -  210°.  Its  density  is  1-14 ;  its  capillarity  is  less 
than  that  of  liquid  oxygen ;  it  has  no  absorption  spectrum  and  is 
not  magnetic. 

Experiments. 

^  A  mo&t  characteristic  property  of  fluorine  is  its  affinity  for 
silicon,  whether  free  or  combined.  In  consequence  it  attacks  glass 
md  all  substances  containing  silicon.  The  hydrogen  compound  of 
luorine,  HF,  decomposes  silica,  SiO^,  the  F  uniting  with  the  Si. 

I.  Pound  up  some  fluor  spar,  CaF^,  or  cryolite,  (NaF)gA]gFg, 
i>ut  in  a  leaden  or  platinum  dish,  and  pour  on  concentrated  sulphuric 
^id.  Coat  a  glass  plate  with  a  very  thin  layer  of  wax,  or  paraffin, 
^^d  scratch  with  a  sharp  point  some  design  or  words  through  the 
^ftof,  and  then  cover  the  lead  or  platinum  dish  containing  the 
ttiixture  of  fluoride  and  acid  with  it.  Place  the  dish  in  a  warm 
place  for  a  short  time,  take  off  the  plate,  warm  over  a  lamp  to 
^elt  the  wax,  which  can  then  be  wiped  off,  and  the  design  eaten  or 
etched  into  the  glass  should  be  visible. 

The  compound  formed  between  fluorine  and  silicon  is  SiF^,  a 
gas  which  on  contact  with  water  decomposes,  gelatinous  silica  being 
deposited  and  a  complex  acid,  hydro-fluo-silicic,  2HF,SiF4  left  in 
Solution. 

This  acid  is  sometimes  used  as  a  reagent. 

CHLORINE,  or  and  '''.  Atomic  weight,  35*37.  Speciflc  gravity, 
liquid  =  1*33  ;  gas  =  2*449  (air=  1). — Chlorine  never  occurs  in  the  free 
state,  but  chiefly  in  combination  with  the  alkali  metals,  as  NaCl, 
KCl,  and  also  with  magnesium.  It  liquefies  under  a  pressure  of 
[>  atmospheres,  at 0°  C,  or  at  a  temperature  of  -33°  at  760  mm. 
The  liquid  does  not  conduct  electricity,  and  is  not  very  active 
jhemically. 

Chlorine  at  ordinary  temperatures  is  a  greenish  yellow  gas,  which 
exerts  a  poisonous .  and  irritating  action  on  the  air  passages.  It 
lissolves  in  about  half  its  volume  of  cold  water,  and  it  is  commonly 
ised  in  this  forjn  in  the  laboratory.  The  water  solution  on  cooling 
^ves  crystals  of  a  hydrate. 

Chlorine  combines  with  the  metals  directly,  and  with  many  of 
>he  non-metallic  elements.  Its  solution  in  water  decomposes  on 
exposure  to  light,  HCl  being  formed  and  oxygen  liberated.  When 
leated  with  steam  the  same  decomposition  also  takes  place. 

Chlorine  will  at  elevated  temperatures  expel  oxygen  from  nearly 
ill  the  metallic  oxides.  N.B. — The  reverse  action  can  take  place 
^  ante  (chlorides,  &c.,  heated  in  air). 

*  Moissan  and  Dewar,  Chem.  See.  Nov.  1897. 
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The  presence  of  free  chlorine  is  indicated  by  its  powerful  odour, 
its  bleaching  action  on  vegetable  colours,  ite  action  on  potassium 
iodide  and  starch  (formation  of  blue  iodide  of  starch),  and,  when  in 
very  small  quantity,  by  its  secondary  oxidising  action  on  a  solution 
of  pure  ferrous  sulphate  mixed  with  ammonium  sulphocyanate, 
NH^SCy,  whereby  a  deep  red  colour  is  produced. 

Experiments.  .,    n^r  r^  • 

I.  Mix  12  grms.  salt,  NaCl,  with  9  manganese  dioxide,  MnO„  in- 
troduce into  a  small  flask  or  wide  test-tube,  moisten  with  very  little 


Fig.  91. 

water,  and  then  add  about  5  c.c.  strong  sulphuric  acid,  and  insert  a 
cork  with  tube.  The  gas  can  be  best  collected  in  dry  cylinders  or 
test-tubes  by  leading  the  delivery  tube  to  the  bottom ;  the  tubes 
may  be  covered  with  watch-glasses.  Collect  three  or  four  test-tubes 
full  by  displacement  of  air  by  the  heavier  gas,  and  also  let  the  gas 
bubble  through  water  in  a  test-tube  half  full.  The  water  will  become 
coloured  yellow -green. 

II.  In  one  tube  of  the  gas  hold  a  piece  of  moist  blue  litmus  paper; 
it  becomes  immediately  bleached,  almost  before  it  has  time  to  turn  red. 

III.  In  another  drop  a  small  piece  of  tinfoil;  it  melts  down 
apparently,  and  forms  a  fuming  liquid.  In  the  third  tube  put  a  very 
small  piece  of  real  gold  leaf ;  this  also  will  be  acted  upon  and  com- 
bine with  the  chlorine,  and  a  yellow  liquid  will  result  after  adding 
one  drop  of  water.  In  a  fourth  tube  of  the  gas  insert  a  lighted  wax 
taper ;  it  will  be  seen  to  burn  very  dimly,  and  give  a  copious  deposit 
of  carbon  as  soot. 

Chlorine^  in  fact,  unites  directly  with  nearly  aU  the  dements,  th^ 
(ynly  striking  eocceptions  being  carbon  and  oxygen  and  nitrogen. 
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IV.  The  solution  of  chlorine  in  water  will  also  bleach  many 
dinary  colours,  such  as  indigo.  Pour  a  dilute  indigo  solution  into 
le  chlorine  water;  the  blue  colour  is  totally  destroyed, 

V.  Chlorine  is  stronger  chemically  than  either  bromine  or  iodine, 
lace  a  few  crystals  of  potassium  bromide  in  one  tube,  and  some  of 
)tassium  iodide  in  another.  Now  put  the  delivery  tube  from  the 
ilorine  apparatus  into  these  in  succession ;  one  will  become  reddened 
Y  the  liberation  of  bromine,  the  other  nearly  black  by  the  liberation 
t  iodine. 

«OMINE,  Br'  and'".  Atomic  weight,  72-77.  Melts  at  73*^  C. ; 
•oils  at  59-27*  C.  under  760  mm.  Relative  weight  =  315. — Bromine 
occurs  mostly  in  combination  with  the  alkali  metals ;  and  as  bromide 
>f  silver  in  Mexico  and  Chili.  At  ordinary  temperatures  bromine  is  a 
iquid  of  deep  brown  colour,  almost  black;  the  vapour  has  a  peculiarly 
lisagreeable  odour ;  in  the  solid  form  it  is  dark  grey  and  crystalline, 
mih  a  semi-metallic  lustre.  In  both  states  it  is  a  non-conductor  of 
electricity.  It  is  very  volatile ;  a  few  drops  put  into  a  flask  speedily 
fills  it  with  red  vapours.  Bromine  dissolves  sparingly  in  water, 
oaore  readily  in  alcohol,  on  which  it  slowly  reacts,  and  in  all  propor- 
bions  in  ether,  carbon  disulphide,  and  chloroform. 

Bromine  does  not  unite  directly  with  oxygen ;  but  when  passed 
through  a  red-hot  tube  with  water  vapour,  oxygen  is  set  free,  and 
^ydrobromic  acid  is  formed.  Bromine  is  the  only  liquid  element 
*t  ordinary  temperatures  except  mercury.  Bromine  and  its  com- 
pounds resemble  chlorine  and  its  compounds  very  closely,  although 
It  is  not  so  energetic.  It  bleaches  organic  colouring-matters,  but 
less  quickly  than  chlorine  does,  and  combines  directly  with  metals  to 
form  bromides,  but  its  action  is  less  powerful  than  chlorine.  Bromine 
lorms  only  one  compound  with  hydrogen — namely,  hydrobromic 
^,  but,  unlike  chlorine,  they  do  not  unite  when  brought  together 
in  sunlight, 

^eriments  and  Tests. 

I.  Put  a  few  drops  of  bromine  into  a  good  sized  flask ;  it  eva- 
porates without  heating  and  red  fumes  fill  the  flask  (be  careful  not  to 
breathe  these  fumes).  Hang  in  the  neck  of  the  flask  a  strip  of 
iQoistened  blue  litmus  paper ;  it  will  turn  red  and  yellow,  and  then 
gradually  lose  its  colour  or  bleach. 

II.  Hold  for  a  moment  a  strip  of  blotting-paper  that  has  been 
dipped  in  a  solution  of  potassium  iodide  and  starch  in  the  neck  of 
the  flask ;  it  will  be  blued,  as  was  the  case  with  iodine  and  starch. 
The  bromine  has  liberated  the  iodine  from  the  potassium  and  taken 
its  place. 

III.  Cold  solution  of  NaHO  dissolves  bromine,  the  solution  con- 
aining  h3rpobromitey  bromide^  and  bromate.  On  evaporating  in  a 
ish  a  white  crystalline  residue  is  left. 

IV.  The  solution  of  NaHO  to  which  bromine  has  been  added 
leaches  a  piece  of  litmus  paper  quicker  than  bromine  itself.  This 
I  due  to  NaBrO. 
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Dilute  ammonia  dissolves  and  combines  with  it,  forming  bromide. 
Some  nitrogen  may  be  liberated. 

A  strip  of  lead  held  in  bromine  vapour  or  in  a  solution  of 
bromine,  either  in  water  or  any  other  solvent,  becomes  coated  with 
a  pale  yellow  substance,  PbBrg. 

IODINE,  I'  and  "\  Atomic  weight,  126-56.  Relative  weight, 
4-948.  Melting-point,  113-115°  C.  Boiling-point,  187°  C— Iodine 
is  a  bad  conductor  of  electricity,  and  possesses  a  less  penetrating 
odour  than  chlorine  or  bromine. 

It  occurs  in  combination  with  the  alkali  metals,  as  iodides  of 
potassium  and  sodium  in  kelp ;  also  in  several  minerals,  as  iodides  of 
mercury  and  silver.  Much  is  obtained  from  Chili  saltpetre,  wherein 
it  exists,  for  the  most  part,  as  sodium  iodide. 

Iodine  is  a  crystalline,  opaque,  shining,  blackish-grey  solid;  it 
crystallises  by  sublimation  in  the  rhombic  system  in  the  form  of 
prisms.  It  is  sparingly  soluble  in  water,  more  readily  soluble  in 
alcohol  and  ether,  easily  in  carbon  disulphide,  and  in  the  solution  of 
an  iodide.* 

Iodine  forms  only  one  compound  with  hydrogen — viz.,  hydriodic 
acid,  HI.  Iodine  combines  both  with  chlorine  and  bromine  in  at 
least  two  proportions.  ICl  =  iodine  monochloride,  a  liquid,  and 
ICI3  =  iodine  trichloride,  a  solid.  The  converse  compound,  CII3, 
can  also  exist. 

Civ  .CI. 

Iodine  trichloride  may  bo       ^ICl  or  I — Cl<^    | 
CK  \C1. 

/I. 
KI  also  dissolves  iodine,  and  may  form  KK     I 

This  element  has  more  affinity  for  oxygen  than  either  CI  or  Br, 
uniting  to  a  slight  extent  directly,  and  is  readily  oxidised  by  nitric 
acid,  or  permanganate  and  other  oxidising  agents,  forming  several 
well-defined  and  stable  oxides  and  anhydrides. 

Experiments  and  Tests. 

I.  Heated  gently  in  a  tube,  iodine  vapourises,  even  before  meltingj 
and  gives  a  fine  violet  vapour ;  shining  blackish  crystals  form  on  the 
cool  parts  of  tube.  The  vapour  has  an  irritating  effect  on  the  ey^^* 
and  a  peculiar  odour,  something  like  seaweed. 

II.  A  piece  of  ordinary  white  paper,  or,  better,  a  little  blotting' 
paper  with  some  starch  spread  on  it,  held  over  the  upper  end  of  tub^' 
becomes  purple-blue  in  colour. 

III.  A  piece  of  blotting-paper  moistened  with  silver  nitrate  ^^ 
lead  acetate,  held  in  the  fumes,  becomes  yellow.  , 

IV.  A  tiny  globule  of  mercury  and  a  crystal  of  iodine  warm^ 
together  in  a  test-tube  unite  energetically,  and  a  yellow  compouO^» 

♦  These  are  no  doubt  compounds. 
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Hgl„  sublimes  in  the  tube.  The  yellow  sublimate  turns  pink  on 
cooling  or  rubbing. 

Y.  Hydrochloric  has  no  action  on  iodine. 

Sulphuric  dissolves  it  merely ;  the  solution  is  brown-red. 

Nitric,  strong,  when  boiled  with  iodine,  partly  oxidises  it  to  a 
white  substance,  which  may  be  obtained  on  evaporating  off  the  acid 
in  a  dish  ;  it  is  mostly  iodic  acid,  HIO3,  but  contains  a  higher  oxygen 
compound  as  well. 

VI.  NaHO  when  gently  heated  dissolves  it  readily,  forming 
iodide  and  iodate,  the  latter  of  which  rapidly  crystallises. 

(The  iodates  are  far  less  soluble  than  iodides,  or  even  chlorates.) 

Warm  ammonium  hydroxide  also  dissolves  it  completely  when 
dilute ;  when  concentrated  a  brown  powder  is  produced,  NHI„  which 
is  most  highly  explosive  when  dry.  It  must  not  be  made  in  any 
quantity.  About  half  a  gram  (or  10  grains)  of  iodine  and  five  cubic 
centimetres  of  strong  ammonia  solution  are  mixed  in  a  small  dish. 
After  a  few  minutes  the  dark  brown  liquid  can  be  poured  off  and 
replaced  by  water,  and  this  again  poured  off  after  the  brown  sub- 
stance has  settled.  On  drying  this  substance  in  small  portions  on 
blotting-paper  spontaneously  in  the  air,  its  explosiveness  may  be 
tested  by  rubbing  it  gently  with  a  feather  or  quill  pen. 

Carbon  disulphide  is  the  best  solvent  for  iodine.  The  solution  has 
the  same  colour  as  the  vapour  of  the  element ;  it  gives  crystals  on 
evaporation. 

Turpentine  is  very  energetically  acted  upon  by  iodine,  espe- 
cially when  warm,  much  hydriodic  acid,  HI,  being  formed. 

HYDROGEN,  H.  Standard  of  atomic  weight  (1).  Gaseous  down 
to  -  234°  C.  At  about  this  temperature  it  liquefies  under  ordinary 
atmospheric  pressure.     (See  ante.) 

The  presence  of  hydrogen  in  compounds  is  usually  detected  by 
the  formation  of  water  by  some  process  or  other.  In  some  inorganic 
or  mineral  compounds,  as  HCl  or  NH3,  this  can  be  done  by  heating 
with  some  metal,  as  Na  or  Zn.  As  it  is  not  absorbed  by  liquid 
reagents,  and  most  other  gases  excepting  N  are,  it  can  then  be  dried 
by  collecting  over  HjSO^,  standing  a  little  time,  decanting  to  a  tube 
over  dry  Hg,  a  little  dry  O  added,  and  a  wire  or  strip  of  Pd,  sealed 
on  a  glass  rod  or  platinum  wire,  introduced.  The  Pd  causes  the 
H  and  0  to  unite,  and  the  sides  of  the  tube  may  become  moistened 
from  the  H^O  formed,  or  a  small  piece  of  dry  CuSO^  may  be  pushed 
through  the  Hg,  when,  if  H,0  is  formed,  it  will  become  blue.  In 
organic  compounds  the  H  is  always  oxidised  to  water,  either  by 
heating  in  dry  oxygen  gas  or  with  CuO. 


CHAPTER  XV. 

IIEACTIONS  OF  THE  ACIDS. 
A.   Inorganic  Acids. 

CARBON    DIOXIDE,   or   CARBONIC  ANHYDRIDE,  CO,  (see 

ante), — Occurs  in  the  atmosphere  and  in  mineral  waters.  In  the 
com[)ined  state  it  forms  a  constituent  of  many  minerals,  called 
carbonates,  which  have  for  the  most  part  been  enumerated  in 
speaking  of  the  natural  compounds  in  which  the  different  metals 
occur. 

CO,  may  be  liquefied  by  about  75  atmospheres  pressure  at  the 
ordinary  temperature.  The  liquid  evaporates  very  rapidly,  with 
great  absorption  of  heat,  solidifying  some  of  the  remaining  liquid. 

The  density  of  the  gas  CO,  =  1-519  (air=l);  the  liquid  at 
0°C. -0-9171  (water  =  i). 

Experiments. 

Prepare  and  collect  several  large  test-tubes  *  of  the  gas  by  acting 
on  CaCO^  with  dilute  HCl  in  an  arrangement  like  that  figured  for 
chlorine  {which  see).     Collect  by  downward  displacement. 

I.  In  one  tube  introduce  a  strip  of  moist  blue  litmus  paper;  it 
will  become  claret-coloured. 

II.  Pour  lime  water  into  tube  ;  it  becomes  milky. 

CaH,0,  +  CO,  =  CaCOj  +  H,0. 

III.  Introduce  burning  taper ;  it  will  be  extinguished,  and  the 
gas  does  not  burn. 

IV.  Introduce  burning  magnesium  ribbon ;  it  will  continue  to 
burn  feebly,  and  black  specks  of  carbon  will  be  found  along  with 
MgO  in  tube.     On  adding  HCl  the  MgO  dissolves,  leaving  the  C. 

Potassium  or  sodium  heated  on  a  deflagrating  spoon  and  intro- 
duced in  gas  will  glow  brightly,  also  leaving  black  carbon. 

Dry  Reaetions. 

On  ignition  some  carbonates  easily  lose  CO,,  others  remain  un- 
changed.    The  carbonates  of  the  fixed  alkali  metals  are  very  little 

♦  So-called  boiling  tubes. 
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ecomposed  by  heating  with  a  blowpipe  flame  in  a  platinum  crucible, 
.t  very  high  temperatures  they  are  somewhat  volatilised.  The  acid 
irbonates  of  the  alkalies  are  reduced  by  heat  to  normal  carbonates, 
ith  evolution  of  COg.  The  carbonates  of  all  other  metals  are  decom- 
osed  more  or  less  readily  into  oxides  (or  metals),  carbon  dioxide  (and 
xygen)  being  given  off.  Barium  and  strontium  carbonates  require 
be  strongest  white  heat  for  their  decomposition ;  calcium  carbonate 
squires  a  strong  red  heat. 

[eactions  in  Solution. 

All  normal  carbonates — that  is,  MjCOj  or  MCO3 — may  be 
livided  into : 

1st.  Carbonates  which  are  soluble  in  water,  consisting  of  the 
carbonates  of  the  alkali  metals,  Li,  Na,  K,  Cs,  Rb ;  they  possess  an 
ilkaline  reaction. 

2nd.  Carbonates  which  are  insoluble  in  water ;  this  comprises 
Ddost  other  normal  carbonates. 

3rd.  Acid  carbonates  or  normal  salts  in  presence  of  carbonic  acid 
in  solution  in  water  are  soluble.  They  are  all,  however,  precipitated 
oa  boiling  their  solutions,  the  CO^  escaping  and  a  normal  carbonate 
being  thrown  down. 

All  carbonates  are  decomposed  by  dilute  acids — organic  or  mineral 
(with  the  exception  of  HCyand  SH^).  The  decomposition  is  marked 
by  effervescence  and  evolution  of  CO^.  On  passing  the  evolved  gas 
into  a  solution  of  calcium  or  barium  hydroxide,  the  carbon  dioxide 
fonns  a  white  precipitate  (soluble  in  excess  of  the  gas,  with  formation 
of  acid  carbonates). 

Metallic  sulphites,  sulphides,  and  nitrites  are  likewise  decomposed 
by  dilute  acids,  with  evolution  of  a  gas ;  but  the  evolved  SO^,  SHj,,  or 
nitrous  fumes  are  readily  recognised  by  their  characteristic  odour  or 
colour.  In  order  to  recognise  CO^  in  the  presence  of  SO^  or  SH2, 
the  gaseous  mixture  may  be  first  passed  through  a  solution  of  a 
chromate  or  bichromate,  or  bromine  water,  or  a  solution  of  a  cupric 
or  ferric  salt,  and  finally  into  lime  or  baryta  water.  (See  also 
Diethods  of  separation  of  CO^,  SO^,  &c.,  in  Tables.) 

CARBON  MONOXIDE,  CO.— Molecular  weight,  28.  Relative 
weight,  0*06799. — The  gas  (see  ante)  is  perfectly  neutral  to  vege- 
table colours,  and  sparingly  soluble  in  water,  which  only  dissolves 
about  -/^  of  its  bulk  at  15°  C.  It  is  rapidly  absorbed  by  cuprous 
chloride  in  hydrochloric  acid ;  also  by  ammoniacal  solutions  of 
cuprous  salts. 

Carbon  monoxide  is  a  result  of  the  reduction  of  CO^  by  carbon 
and  by  most  metals  at  a  high  temperature,  or  by  combustion  of 
carbon  or  carbon  compounds  at  a  high  temperature,  as  when  gun- 
cotton  or  similar  substances  burn.  Some  metals,  as  iron,  and 
especially  nickel,  combine  directly  with  CO,  forming  peculiar  com- 
pounds, as  Ni(C0)4,  nickel  carbonyl.  The  Ni  carbonyl  compound  is 
formed  by  gently  heating  the  metal  in  a  stream  of  CO.  The  product  is  a 
liquid,  the  vapour  of  which  decomposes  below  a  red  heat,  bright  metallic 


250  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

nickel  depositing.     It  is  difficult  to  imagine  the  nickel  to  be  more  than 
divalent  in  this  compound  ;  if  so,  its  constitution  ought  to  be 

CO 

Ni     I 

\/^ 

CO 
Potassium  also  combines  directly,  the  compound  being  very  pro- 
bably K,C,0,  or  n(COK)  ;  it  is  explosively  decomposed  by  water. 

Experiments. 

Carbon  monoxide  can  be  prepared  most  easily  from  formic  acid) 
HCO,H,  by  the  action  of  H,SO,. 

I.  The  H2S0^  is  heated  gently  in  a  distilling  flask  or  ordinary 
flask,  with  cork,  tap,  funnel,  and  delivery  tube,  and  the  formic  acid, 
or  a  formate,  dropped  slowly  in.  CO  is  evolved,  and  may  be  collected 
in  several  tubes  over  water. 

CO  is  very  poisonous ;  great  care  must  be  taken  not  to  breathe  any. 

II.  To  one  tube  introduce  blue  litmus;  it  should  be  unchanged. 

III.  Introduce  a  lighted  taper ;  it  becomes  extinguished,  but  the 
gas  burns  with  a  blue  flame  at  mouth  of  tube. 

IV.  Ignite  another  tube  of  the  gas,  and  then  pour  in  some  baryta 
or  lime  water. 

V.  Pour  lime  or  baryta  water  into  a  tube  of  the  CO.  It  should 
not  become  milky,  whilst  in  IV.  it  will,  o\!;ing  to  2CO  +  O,  =  2C0,, 
the  action  taking  place  when  CO  burns. 

VI.  Transfer  a  tube  of  CO  from  the  water  to  a  small  dish  in 
which  a  solution  of  Cu,Cl,  in  HCl  has  been  placed  ;  the  liquid  will 
rise  in  the  test-tube  as  the  CO  is  absorbed. 

SULPHURIC  ACID,  H^SO^,  is  a  very  strong  acid,  and  is  capable  of 
displacing,  within  a  moderate  range  of  temperature,  almost  all  other 
acids  from  saline  compounds. 

It  forms  with  bases  a  series  of  very  important  salts — ^the  sul- 
phates, some  of  which  have  already  been  enumerated  in  treating 
of  the  natural  compounds  of  the  various  metals. 

The  acid  is  derived  from  the  oxide  SO3,  which  *is  produced  to  a 
small  extent  when  sulphur  is  burnt  in  oxygen.  SO,,  sulphur  dioxide, 
also  forms  SO3  when  heated  along  with  air  in  contact  with  platinum. 
This  may  be  seen  by  introducing  a  red-hot  platinum  wire  into  a 
mixture  of  SOj,  and  air  or  oxygen.  It  combines  with  water  to  form 
HjjSO^.  The  precise  "  structure "  of  this  substance  is  not  known- 
It  may  be 

HO  O  0 0-H  O     H 

>C         or          >                       ^^            ^     ^i     OTT 
/    Nv,  /  even         O S — 0-H 

HO  O  O 0-H  \       I 

Xo 

The  probability  is  in  favour  of  the  first. 


REACTIONS  OF  THE  ACIDS.  251 

On  a  large  scale  the  acid  is  made  by  the  oxidising  action  of  nitric 
icid,  and  oxides  of  nitrogen,  on  SO^.  This  action  can  be  repeated  in 
L  test-tube.  Place  a  few  drops  of  strong  nitric  acid  in  a  test-tube 
md  then  drive  in  SOj  gas.  Red  fumes  will  first  appear,  due  to  the 
tction  : 

SO,  +  2HNO3  =  SO3  +  H,0  +  N,0,. 

If  the  SO,  supply  be  continued  the  red  fumes  cease  and  white 
crystals  form  on  the  tube,  but  if  some  water  be  added  the  crystals 
v^ill  disappear  and  a  further  quantity  of  H,SO^  will  form.  The 
vhite  crystals  are  SOjN,0„*  which  with  water  give  SOgHjO  +  N,0,. 
Che  latter  escapes,  mixes  with  air,  and  becomes  Nfi^.  If  plenty  of 
v^ater  be  present  at  the  beginning  none  of  these  crystals  are  formed 
>ut  N,0,.  In  the  sulphuric  acid  manufacture  this  N,0,  is  brought  in 
ontact  with  air,  so  that  it  can  act  as  a  carrier  of  oxygen  to  the  SO,. 

On  heating  the  liquid  in  the  test-tube  until  whitish  fumes  begin 
o  form  at  the  mouth  of  the  tube  all  the  excess  of  water  and  oxides 
f  nitrogen  are  driven  off,  and  a  few  drops  of  strong  sulphuric  acid 
oil  of  vitriol)  will  be  left  (see  ante). 

The  action  of  this  on  a  piece  of  filter  paper  or  sugar  should  be 
loticed.  The  paper  will  turn  black  and  a  hole  appear  in  it.  The 
ugar  also  will  blacken.  Both  actions  are  due  to  the  abstraction  of 
he  oxygen  and  hydrogen  from  these  organic  substances  and  their 
combination  with  the  strong  acid  in  the  form  of  water.  The  sab- 
itance  HjSO^  can  form  a  number  of  definite  "  hydrates  "  with  water, 
ind  the  combination  is  a  very  energetic  one. 

Dry  Reactions. 

On  heating  a  sulphate  on  charcoal,  in  the  reducing  flame,  together 
with  pure  sodium  carbonate,  sodium  sulphide  is  formed,  thus  : 

MgSO,  +  20  +  Na,C03  =  SNa,  +  MgO  +  3C0,.t 

The  fused  mass  when  treated  with  an  acid  (HCl  is  best  generally) 
gives  off  SH„  readily  recognised  by  its  odour.  When  placed  on  a 
bright  silver  coin  and  moistened  with  a  drop  of  acid  it  produces  a 
black  stain  of  silver  sulphide.  This  reaction  on  charcoal  with  Na,C03 
applies,  however,  to  all  compounds  containing  sulphur. 

Heated  by  themselves,  the  sulphates  of  the  fixed  alkalies  and 
alkaline  earthy  metals,  as  well  as  of  lead,  are  not  decomposed. 
Acid  sulphates  (HKSO4,  &c.)  are  converted  at  a  bright  red  heat 
into  normal  sulphates,  with  evolution  of  sulphuric  acid.  Other 
nietallic  sulphates  become  decomposed  more  or  less  speedily  on 
Ignition,  giving  off  sulphuric  or  sulphurous  anhydride  and  oxygen, 
according  to  the  nature  of  the  metal — e.g, : 

2FeS0,  =  Fe,03  +  SO3  +  SO,. 
CuSO,  =  CuO   +  SO,  +  O. 

*  Or  NO^HSOs.  As  a  matter  of  fact  several  compounds  are  contained  in 
these  white  chamber  crystals. 

t  In  some  cases  a  sulphide  of  the  metal  previously  there  as  sulphate  is 
I^uced,  although  much  Ka  salt  is  present. 
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By  distilling,  in  i*etorts,  a  mixture  of  ferrous  and  ferric  sulphates 
an  acid  known  as  Nordhausen  sulphuric  acid  is  made.  Its  com- 
position may  be  simplest  represented  as  H^SO^SOj.  The  action 
may  be:  FeXSO,),(OH),  =  Fe^O,  +  H^O,  +  SO,.  A  definite  com- 
pound can  be  obtained,  on  cooling,  in  crystals.  On  warming,  however, 
SO3  escapes. 

Reactions  in  Solution. 

A  solution  of  potassium  sulphate,  K^O^,  or  any  soluble  sulphate, 
may  be  employed. 

Sulphuric  acid  forms  normal  and  acid  sulphates,  which  are  mostly 
soluble  in  water,  the  exceptions  being  barium  and  lead  sulphates,  and 
a  few  basic  sulphates,  which,  however,  are  soluble  in  acids. 

BaClj  gives  a  white,  finely  divided  precipitate  of  barium  sulphate, 
BaSO^,  insoluble  in  dilute  acids.  Care  must  be  taken  not  to  have 
too  much  free  hydrochloric  or  nitric  acid  present,  lest  any  of  their 
barium  salts  be  precipitated,  barium  chloride  and  nitrate  being 
much  less  soluble  in  concentrated  acids  than  in  water.  If  a  very 
dilute  solution  of  a  sulphate  has  to  oe  precipitated,  the  solution  should 
be  heated  to  boiling,  and  allowed  to  stand  for  some  time  after  the 
addition  of  the  barium  salts. 

This  reaction  distinguishes  H,SO^  from  all  other  acids  except 
hydrofluosilicic  acid,  2HF,SiF^,  and  selenic  acid,  H,SeO^,  which  are 
not  by  any  means  of  common  occurrence. 

Soluble  salts  of  strontium,  calcium,  and  lead  produce  white 
precipitates  of  strontium,  calcium,  and  lead  sulphates,  which  are 
more  or  less  soluble  in  large  quantities  of  water  :  CaSO^  being  the 
most  soluble,  in  about  500  parts  of  water,  SrSO^  dissolving  in 
7000  parts  of  cold  water,  and  PbSO^  in  22,000  parts  of  water  only. 

Since  barium  salts  answer  every  purpose,  recourse  is  rarely  had  to 
these  reactions  in  order  to  detect  sulphuric  acid.  The  addition  of 
alcohol  (methylated  spirit),  ensures  the  complete  precipitation  of 
strontium,  calcium,  and  lead  sulphates.  Most  soluble  sulphates  can, 
in  fact,  be  precipitated  from  their  aqueous  solutions  by  the  addition 
of  strong  alcohol,  in  which  they  are  insoluble. 

In  order  to  detect  free  sulphuric  acid,  the  solution  is  evaporated 
to  dryness  on  a  water  bath,  together  with  a  little  cane  sugar.  A 
blackened  or  charred  residue  indicates  free  sulphuric  acid,  as  no  other 
acid  is  capable  of  decomposing  cane  sugar  in  like  manner. 

An  insoluble  sulphate  can  be  decomposed  by  continued  boiling 
with  a  concentrated  solution  of  an  alkali  carbonate ;  more  readily 
by  fusion  with  alkali  carbonates  (fusion  mixture)  into  a  soluble  alkali 
sulphate,  and  an  insoluble  carbonate  or  oxide  of  the  metal,  thus : 

BaSO,  -h  Na,C03  =  Na^SO,  +  BaCOj. 
PbSO,  +  Na^COj  =  NaJSO,  +  PbO  +  CO,, 

The  fused  mass  is  extracted  with  boiling  water,  and  the  insoluble 
carbonate  or  oxide  separated  by  filtration  from  the  solution  of  the 
alkali  sulpliate.     The  residue  is  examined  as  usual  for  bases,  and  tb^ 
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solution  for  sulphuric  acid,  by  acidulating  with  dilute  hydrochloric 
acid  (in  order  to  destroy  the  excess  of  alkali  carbonates),  and  adding 
barium  chloride.  Calcium  sulphate  dissolves  in  ammonium  sulphate 
containing  a  little  free  ammonia  ;  lead  sulphate  in  ammonium  acetate 
or  tartrate,  or  in  sodium  thiosulphate,  or  in  strong  HCl. 

PERSULPHURIC  ACID,  H^S^Og.— When  sulphuric  acid  of  40  per 
cent,  strength  is  electrolysed,  the  anhydride,  SgO^,  of  persulphuric 
acid  is  produced.  The  acid  itself  has  not  been  isolated.  This  anhy- 
dride decomposes  on  keeping,  more  rapidly  on  heating  into  SO,  and 
oxygen. 

Salts  of  persulphuric  acid  are  produced  in  a  similar  manner.  The 
solution  must  be  kept  cold,  and  the  anode  should  be  a  platinum  wire, 
as  high  density  of  current  at  the  positive  pole  is  required. 

The  persulphates  are  all  soluble  in  water,  those  of  potassium 
and  barium  being  remarkable  in  this  respect.  K^S^Og  is  the  most 
insoluble  of  the  persulphates  (1*77  in  100  water  at  0°),  whilst 
BaS,08.4B:jjO  is  freely  soluble. 

The  dry  persulphates  decompose  on  heating,  forming  the  sulphate 
and  liberating  SO,  and  O^.  In  solution  they  slowly  decompose.  They 
are  strong  oxidising  agents,  oxidising  ferrous  salts  readily,  and  from 
solutions  of  many  metallic  salts  precipitate  higher  oxides. 

Persulphates  do  not  decolorise  permanganate  solutions,  but 
slowly  liberate  iodine  from  KI. 

Persulphates  are  used  to  some  extent  in  analysis  and  for  photo- 
graphic purposes  (reducing  "  contrasts  "  in  negatives). 

Tests. 

BaClj  gives  no  precipitate  with  persulphates.  On  heating  the 
dry  salt  and  making  a  solution  of  the  residue  (except  in  the  case  of 
Ba  and  Pb),  the  addition  of  BaCl^  gives  a  precipitate.  KgHn^Og  is 
not  decolorised  (distinction  from  H^Oj). 

Chromium  salts,  as  the  sulphate  or  chrom-alum,  are  converted  by 
a  persulphate,  in  the  presence  of  excess  of  an  alkali  hydroxide,  into 
alkali  chromates. 

TiO,  in  strong  H,SO^  gives  no  coloration  (distinction  from 
H,0,).  A  solution  of  a  persulphate,  made  alkaline  with  NH^HO, 
acts  rapidly  on  zinc,  cadmium,  copper,  and  other  metals. 

SULPHUROUS  ACID.— Obtained  as  a  gaseous  anhydride,  SO,, 
whenever  sulphur  is  burnt  in  air  or  oxygen,  or  when  metallic  sul- 
phides (pyrites,  blende,  galena,  &c.)  are  roasted  with  free  access 
of  air ;  also  by  the  partial  deoxidation  of  sulphuric  acid  by  means  of 
nietals,  such  as  Ou,  Hg,  Ag,  or  charcoal  and  various  organic  bodies, 
sulphur,  &c.  The  gas  is  readily  soluble  in  water,  forming  an  acid 
solution,  which  combines  with  bases,  and  forms  a  series  of  salts, 
normal  or  acid,  termed  sulphites.  j?hey  are  characterised  by  the 
tendency  they  exhibit  to  ^bpgrb  oxygen  and  become  converted  into 
sulphates. 
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Experiments  (see  also  "  Sulphur,"  ante). 

SO,  is  very  heavy,  and  can  easily  be  collected  in  tubes  by  down- 
ward displacement  of  air. 

Prepare  a  few  tubes  of  the  gas  by  heating  mercury  or  any  other 
metal  (a  few  grams)  with  strong  sulphuric  acid  in  a  small  distilling 
flask  or  test-tube,  with  cork  and  delivery  tube. 

I.  In  one  introduce  blue  litmus  paper ;  it  becomes  red. 

II.  A  burning  taper  is  extinguished,  and  the  gas  does  not  in- 
flame. 

III.  A  piece  of  ignited  magnesium  ribbon  continues  to  burn, 
and  some  sulphur  will  be  found  amongst  the  MgO. 

IV.  A  piece  of  filter  paper  moistened  with  permanganate  will 
become  colourless,  moistened  with  bichromate  will  become  green. 

Dry  Reactions. 

Sulphurous  anhydride  is  recognised  by  its  characteristic  odour — 
viz.,  that  of  burning  sulphur.  It  combines  readily  with  metallic  per- 
oxides, such  as  MnO„  PbO,,  with  formation  of  the  corresponding 
sulphates.  In  order,  therefore,  to  remove  SO,  from  a  gaseous  mixture^ 
the  latter  may  be  passed  over  PbO,. 

Most  metallic  sulphites  are  decomposed  by  heat  into  sulphates  and 
sulphides,  thus :  4Na,S03  =  3Na,S0,  +  SNa,. 

A  few  sulphites  break  up,  on  heating,  into  oxides  and  sulphur 
dioxide. 


Reactions  in  Solution. 

A  solution  of  sodium  sulphite,  Na^SOg,  may  be  employed. 

Sulphites  are  shown  by  the  action  of  dilute  sulphuric  or  hydro- 
chloric acid  upon  them  ;  sulphurous  anhydride,  SO,,  is  liberated,  and 
readily  recognised  by  its  pungent  odour. 

The  only  sulphites  soluble  in  water  are  the  alkali  sulphites. 
Normal  barium,  strontium,  calcium,  and  magnesium  sulphites,  though 
insoluble  in  water,  are  dissolved  to  a  great  extent  by  sulphurous  acid, 
with  formation  of  acid  sulphites,  from  which  the  normal  salts  are 
reprecipitated  on  boiling.  (See  "Carbonates.")  They  are  also  soluble  in 
dilute  hydrochloric  acid  (with  decomposition) ;  but  on  the  addition  of 
an  oxidising  agent,  such  as  chlorine  water,  free  iodine,  sodium  hypo- 
chlorite, nitric  acid,  &c.,  they  are  converted  into  sulphates,  some  of 
which  are  insoluble.     (See  "  Sulphuric  Acid.") 

Commercial  sulphites  generally  contain  sulphates  as  impurities. 
A  precipitate  consisting  of  barium  sulphate  is,  therefore,  frequently 
obtained  on  adding  barium  chloride  to  an  acidulated  solution  of  a 
soluble,  or  to  a  dilute  hydrochloric  acid  solution  of  an  insoluble, 
sulphite. 

On  filtering  off  the  precipitate,  and  adding  chlorine  water  to 
the  filtrate,  a  further  precipitate  is  obtained,  showing  the  presence  of 
a  sulphite. 

Traces  of  sulphurous  acid  are  distinguished  with  difficulty  by 


REACTIONS  OF  THE  ACIDS.  255 

the  odour  alone,  and  it  is  preferable,  therefore,  to  make  use  of  the 
deoxidising  as  well  as  oxidising  action  which  the  acid  can  exert. 

1.  Sulphurous  acid  acts  as  a  powerful  reducing  agent. 

AgNOj  gives  with  sodium  sulphite  a  white  precipitate  of  silver 
sulphite,  AggSOj,  soluble  in  excess  of  the  alkali  sulphite.  The  pre- 
cipitate blackens  on  heating,  owing  to  the  separation  of  metallic 
silver,  according  to  the  equation  :  Ag^SOj  +  OH^  =  Ag,+ H^SO^. 

Hgj(N03)3  produces  a  grey  precipitate  of  metallic  mercury,  thus  : 

Na^SOg  +  Hg,(N03),  +  H,0  =  Na,SO,  +  2HNO3  +  2Hg. 

The  instances  of  the  reducing  action  of  sulphurous  acid  are  very 
numerous  ;  its  action  upon  solutions  of  AuCIg,  HgCrO^,  Fe^Clg,  and 
others,  already  noticed  under  the  respective  metals,  need  not  be 
repeated  here. 

2.  Under  favourable  circumstances  sulphurous  acid  acts  as  an 
oxidising  agent,  especially  when  brought  in  contact  with  other  more 
powerful  reducing  agents,  such  as  nascent  hydrogen,  SHg,  SnCJg,  <fec. 
Thus,  by  introducing  the  least  trace  of  SO^,  or  a  sulphite,  into  a 
flask,  in  which  hydrogen  is  generated  from  zinc  and  hydrochloric 
acid,  SH,  is  immediately  evolved,  along  with  the  hydrogen,  and  may 
be  recognised  by  its  odour  and  action  upon  lead  paper.  The  change 
may  be  expressed  as  follows  :  SO^  +  SH^  =  SH^  +  20H^. 

SOj  and  SH,  give  rise  to  the  formation  of  pentathionic  acid,  with 
precipitation  of  white  sulphur,  according  to  the  equation : 

5S0,  +  5SH,  «  H,SA  +  S5  +  40H,. 

Pentathionic 
acid. 

Sulphurous  acid  added  to  stannous  chloride  in  the  presence  of 
hydrochloric  acid  gradually  precipitates  yellow  SnSj.  The  stannous 
chloride  reduces  the  sulphurous  acid,  and  the  sulphuretted  hydrogen 
and  stannic  chloride  immediately  react,  with  the  production  of  SnS^. 
The  following  equations  express  the  changes  : 

(1)  SO,     +  SSnCla  +  6HC1  =  3SnCI,  +  SH2  +  2OH2. 

(2)  SnCl,  +  2SH,    =  SnS,    =  4HC1. 

Yellow 
stannic  sulphide. 

(See  also  **  Phosphorus  "  and  "  Arsenic") 

An  extremely  delicate  test  for  SO,  is  its  decolorising  action  on 
a  solution  of  permanganate.  This  should  be  only  of  the  faintest  pink 
tint ;  the  liberated  gas  is  decanted  into  a  test-tube  and  shaken  with 
the  permanganate. 

THIOSULPHUROUS  ACID  (thiosulphuric  acid).— This  acid  can 
only  be  kept  for  a  short  time  in  a  free  state  in  aqueous  solution. 
Its  sodiam  salt  is  an  important  compound,  and  may  be  obtained  by 
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boiling  a  solution  of  sodium  sulphite  with   sulphur,*  or  by  the 
oxidation  of  sodium  persulphide  by  contact  with  the  air. 

Dry  Reactions. 

All  tbiosulpbates  are  decomposed  on  ignition.  Alkali  thiosul- 
phates  leave  a  poly  sulphide  and  a  sulphate,  thus  : 

4Na,S,03  =  S,Na,  +  3Na,S0,. 

Some  sulphur  bums  off  if  the  heating  take  place  in  air. 

Reactions  in  Solution. 

A  solution  of  sodium  thiosulphate  ("  hyposulphite "),  Na^SjOj, 
is  the  commonest  and  most  easily  soluble  salt. 

Most  thiosulphates  are  soluble  in  water  (barium  thiosulphate  is 
difficultly  soluble  in  cold  water),  and  their  solutions  may,  with  few 
exceptions,  be  boiled  without  decomposition.  Calcium  thiosulphate 
is  gradually  decomposed  on  boiling,  the  precipitate  consisting  of  cal- 
cium sulphate  and  sulphur.  When  thiosulphates  are  treated  with 
sulphuric  or  hydrochloric  acid,  sulphurous  anhydride  is  evolved  and 
sulphur  is  separated.  The  precipitated  sulphur  is  yellow,  and  not 
white,  as  is  usually  the  case  when  sulphur  separates  in  chemical 
reactions.     The  change  characterises  thiosulphates. 

The  same  instability  of  the  sulphur  atom,  occupying  the  place 
of  an  atom  of  oxygen  in  sulphuric  acid,  is  observed  when  thiosul- 

*  The  action  here  is  similar  to  that  when  a  sulphide  takes  up  0  and 
becomes  a  sulphite,  or  when  a  sulphite  takes  up  oxygen  and  forms  a  sulphate. 
The  sulphur  in  thiosulphates  is  undoubtedly  in  two  different  states,  which 
may  be  expressed  by  the  formula?  : 

H 

/ 
O 

H-0 S 

II  \ 

s   o 

But  it  is  also  very  probable  that  sulphites  contain  one  hydroxy!,  and  the  other 
hydrogen  is  directly  attached  to  the  sulphur  : 

H 

H-0— S  ^  Q        ^jjg  ^^jjgj.  ^^^^  }a^m^  o 

«  Vo 

This  sulphate  may  correspond  to  the  formula  given  under  sulphuric  acid  ; 

H 

\ 
H-0 S  =  0 


i> 


s 

but,  as  before  stated,  proof  is  wanting  to  decide  which  is  most  likely. 
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phates  come  in  contact  with  salts  whose  metals  form  insoluble 
sulphides. 

AgNOg  gives  a  white  precipitate  of  silver  thiosulphate,  AgJ&fi^, 
ioluble  in  sodium  thiosulphate,  which  speedily  turns  yellow,  then 
3rown,  and  lastly  black  (SAga),  especially  on  the  application  of  heat, 
ihus :  Ag,S,03  +  OH,  =  SAg,  +  H,SO,. 

Mercurous  nitrate  and  lead  acetate  give  similar  precipitates, 
which  are  decomposed  by  heat  into  Hg^S  or  PbS,  and  sulphuric 
sicid. 

SnC]^  gives  a  brown  precipitate  of  SnS. 

Thiosulphates,  like  sulphites,  are  readily  oxidised,  but  yield, 
under  certain  conditions,  oxygen  to  more  powerful  reducing^agents, 
and  thus  become  oxidising  agents. 

Free  chlorine,  sodium  hypochlorite,  ferric  chloride,  &c.,  oxidise 
thiosulphates  in  the  presence  of  water  completely  to  sulphates,  even 
when  cold,  thus : 

Na^S.Og  +  4C1,         4-  50H,  =  2HNaS0,  +  8HC1. 
Na^S.Oa  +  ^ClNaO  +  OH,     =  2HNaS0,  +  4NaCl. 

Na^SgOg  gives  with   Fe^jCl^  at  first  a  reddish  violet    coloration 

(difference  between  sulphites  and  thiosulphates),  but  on   standing 

the  solution  is  slowly  decolorised  (more  readily  on  heating),  with 
formation  of  FeCl^,  thus  : 

Na,S,03  4-  4Fe,Cls  +  50H,  =  2NaHS0,  +  8FeCl,  +  8HC1. 

Nascent  hydrogen  reduces  thiosulphates,  and  sulphuretted 
hydrogen  is  evolved : 

Na,S,03  +  4H,  +  2HC1  =  2SH,  +  30H,  +  2NaCl. 

Some  sulphur  is  always  precipitated  as  well. 

Sodium  thiosulphate  is  a  useful  solvent  for  haloid  silver  salts  (for 
which  it  is  much  used  in  photogi-aphy),  Hg^Cl,  and  PbSO^.  Calcium 
t-hiosulphate,  CaS^Og,  is  used  as  an  agent  for  removing  the  last  traces 
of  chlorine  in  the  bleaching  of  paper  pulp,  and  from  fabrics  bleached 
^y  means  of  bleaching  powder,  to  prevent  their  deterioration  by  the 
traces  of  chlorine  which  they  are  apt  to  retain.  It  has  on  that 
account  received  the  name  of  "antichlor."  The  free  hydrochloric 
acid  which  is  formed  in  the  reaction  is  neutralised  by  passing  the 
fabrics  through  a  weak  alkali  bath.  Sulphites  are  also  used  for 
this  purpose. 

The  property  of  sodium  thiosulphate  of  dissolving  AgCl  has 
found  an  important  metallurgical  application  in  the  removal  of  silver 
from  poor  argentiferous  ores,  after  they  have  undergone  the  process 
of  roasting  with  common  salt,  which  converts  the  silver  into  AgCl, 
insoluble  in  water. 

A  still  lower  oxide  of  sulphur,  SO  or  Sp^,,  the  hydrate  of  which 
is  probably  H^SO,,  is  obtained  in  combination  when  metallic  zinc  is 
placed  in  a  solution  of  SO^  in  water.  No  gas  is  evolved  at  first,  but 
the  solution  becomes  coloured  brown,   a   zinc   salt,   which  rapidly 

17 
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decomposes,  being  formed.  Very  little  is  known  with  certainty 
about  the  compounds  so  produced.  Metallic  zinc  dissolves  also  in 
hydrogen  sodium  sulphite ;  the  reaction  may  be  : 

2(lSraHS03)  +  Zn  =  H,0  +  Na,ZnS,0,. 

It  is  a  very  powerful  reducing  agent,  precipitating  the  metal  from 
salts  of  copper  or  lead,  bleaching  indigo  and  other  colouriiig- 
matters,  &c. 

HYDROSULPHURIC  ACID  (sulphuretted  hydrogen),  SH„  is 
obtained  as  a  colourless  gas  by  the  decomposition  of  certain  metallic 
sulphides,  such  as  FeS,  ZnS,  Sb^Sa,  by  means  of  sulphuric  or  hydro- 
chloric acid.  It  is  characterised  by  a  fojtid  odour,  resembling  that 
of  rotten  eggs.  It  is  absorbed  by  cold  water,  forming  sulphuretted 
hydrogen  water,  which  reddens  blue  litmus  paper  feebly.  Hydro- 
sulphuric  acid  exchanges  its  sulphur  for  the  oxygen  of  most  metallic 
oxides,  forming  water  and  metallic  sulphides,  and  is  on  this  account 
a  most  valuable  reagent..  Many  native  sulphides — e.g.y  iron  pyrites, 
galena,  cinnabar,  zinc  blende — are  met  with  in  vast  masses,  and  con- 
stitute the  principal  minerals  from  which  the  metals  are  extracted. 

Dry  Reaetions. 

Metallic  sulphides  are  acted  upon  in  various  ways  when  sub- 
mitted to  heat.  Some  are  decomposed,  when  heated  in  a  close 
vessel,  into  metal  and  sulphur — e.g.,  Au^S, ;  some  sulphides,  such  as 
PtS._,,  FeS^,  Sb.,S.,  SnS^,  PbS,  yield  up  a  portion  of  their  sulphur,  and 
are  reduced  to  PtS,  FcgS^  or  FeS,  Sb^Sj,  SnS,  Pb^S ;  others  sublime 
without  decomposition,  such  as  As^Sj  (orpiment),  HgS  (cinnabar). 
A  great  number  of  metallic  sulphides  remain,  however,  undecom- 
posed,  when  heated  out  of  contact  with  atmospheric  air. 

Most  sulphides  undergo  a  change  when  roasted  in  a  tube  open  at 
both  ends.  SAg^  leaves  metallic  silver  (usually  also  a  little  Ag^SOJ ; 
the  sulphur,  combining  with  oxygen,  passes  off  as  SO,.  Some  sul- 
phides leave  a  metallic  oxide — e.g.,  SnS,  Sb^jSg,  Bi^Sg;  othei-s,  again, 
such  as  the  sulphides  of  the  alkalies  and  alkaline  earthy  metals,  ai-e 
converted  into  sulphates.  Lead  sulphide  (galena)  is  converted  into 
a  mixture  of  oxide  and  sulphate ;  cupric  sulphide,  when  roasted  at  a 
high  temperature,  yields  SO^  and  CuO,  at  a  lower  tempemture 
CuSO^.  FeS  and  other  sulphides  of  the  iron  group  are  partially 
converted  into  sulphates,  which,  on  the  application  of  a  stronger  heat, 
lose  their  acid,  leaving  metallic  oxides.  Many  native  met^lic  sul- 
phides are  distinguished  for  their  metallic  lustre,  such  as  iron  and 
copper  pyrites,  galena,  grey  antimony,  cfec. 

Reactions  in  Solution. 

Alkali  and  alkaline  earthy  sulphides  are  soluble  in  water  (CaS 
and  MgS  are  only  sparingly  soluble).  Dilute  hydrochloric  acid 
decomposes  them  readily  into  metalh'c  chlorides  and  SH,.  All  other 
sulphides  are  insoluble  in  water.      FeS,  MnS,  ZnS  are  decomposed 
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dilute  hydrochloric  acid,  with  evolution  of  sulphuretted  hydrogen, 
hers  require  concentrated  hydrochloric  acid,  such  as  NiS,  CoS, 
•383,  SnSg,  PbS.  The  rapidity  of  the  action  of  acids  on  sulphides 
pends  very  much  on  the  physical  state  of  the  latter.  Sulphides 
lich  are  insoluble,  or  difficultly  soluble,  in  concentrated  hydro- 
loric  acid,  such  as  Bi^Sj,  CuS,  SAg^,  PbS,  As^Sg,  are  decomposed 

concentrated  nitric  acid  ;  they  are  generally  oxidised  into  sul- 
ates — at  first  with  separation  of  sulphur,  which  by  prolonged 
^estion  is  for  the  mo.st  part  converted  into  sulphuric  acid.  Others, 
3h  as  HgS,  PtSg,  AUgSg  (As^Sg),  dissolve  easily  only  in  aquaregia, 

hydrochloric  acid  and  potassium  chlorate,  with  separation  of 
Iphur  and  formation  of  sulphuric  acid,  and  of  a  metallic  chloride. 
I  dissolving  PbS,  SnS^j,  SbgSg,  As^Sg  in  concentrated  nitric  instead 

hydrochloric  acid,  they  are  converted  principally  into  PbSO^, 
O3,  Sb,0„  H3ASO,. 

To  detect  SH^  (in  an  aqueous  solution)  or  a  soluble  sulphide  (a 
ution  of  ammonium  sulphide  may  be  conveniently  employed  for 
astration),  add  a  solution  of  a  salt  of  cadmium,  lead,  or  silver, 
lich  gives  by  double  decomposition  a  characteristic  precipitate  of  a 
itallic  sulphide — fine  yellow  for  cadmium,  black  for  lead  or  silver 
ts. 

To  examine  a  sulphide  decomposable  by  hydrochloric  acid,  the 
^Ived  sulphuretted  hydrogen  gas  is  made  to  act  upon  lead  paper 
is  passed  through  a  solution  of  a  lead  salt.  (Iron  pyrites  and 
3per  pyrites  give  off  SH^  in  the  presence  of  zinc  only.) 

Sulphides  which  are  not  decomposed  by  hydrochloric  acid  yield 
Iphur  on  treatment  with  nitric  acid  or  aqua  regia,  and  must  be 
'ognised  by  this  and  the  products  of  decomposition,  such  as  Sn(X,, 
►SO^,  as  well  as  the  reactions  which  they  give  when  examined  in 
B  dry  way. 

Many  native  sulphides,  such  as  fahl  ore,  «fec.,  are  expeditiously 
amined  by  heating  the  finely  powdered  mineral  in  a  hard  glass 
be,  in  a  current  of  dry  chlorine  gas,  when  the  metals  are  converted 
>o  chlorides  and  the  sulphur  into  volatile  chloride  of  sulphur,  which 
decomposed  on  being  passed  into  water,  HCl,  H^SO^,  and  S 
ulting. 

To  detect  a  soluble  alkali  sulphide  in  the  presence  of  free  SH^, 
\  a  few  drops  of  a  solution  of  sodium  nitroprusside.  This  reagent 
is  not  affect  free  SH^,  but  gives  a  fine  purple  colour  with  the 
test  traces  of  soluble  sulphides.  The  colour  disappears  only 
ir  some  time.  It  does  not  show  in  the  presence  of  free  alkali 
Iroxides.* 

A  mixture  containing  a  soluble  sulphide,  thiosulphate,  sulphite, 
iulphate  may  be  examined  by  adding  cadmium  carbonate,  CdCOa, 
he  aqueous  solution.     Filter  after  agitation,  dissolve  the  excess  of 

Sodium  nitroprnsside,  Fe(CN)4N0CN\ao,  may  be  readily  prepared  by 
ing  SL  few  crystals  of  potassium  ferricyaDide  with  concentrated  nitric  acid 
test-tube  until  red  fames  are  copiously  evolved,  then  diluting  with  water, 
neotralislog  with  sodium  carbonate.  Tho  solution  may  be  used  directly 
esting  for  sulphidas.     (Play fair.) 


260  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

CdCOj  in  the  precipitate  by  means  of  dilute  acetic  acid ;  a  residue  of 
yellow  CdS  indicates  the  presence  of  a  sulphide.  Add  BaClj  to  tbe 
filtrate ;  a  precipitate  is  obtained  consisting  of  BaSO^  and  BaSO,. 
Filter  off;  digest  the  precipitate  with  dilute  hydrochloric  acid,  and 
filter.  A  white  residue  shows  the  presence  of  a  sulphate.  Add 
chlorine  water  to  the  filtrate  ;  a  precipitate  of  BaSO^  indicates  the 
presence  of  a  sulphite.  The  filtrate  from  the  BaCl^  precipitate  is 
examined  for  thiosulphates  by  the  addition  of  HCl  and  boiling.  A 
precipitate  of  yellow  sulphur  and  the  odour  of  SOj  indicate  tlie 
presence  of  a  thiosulphate. 

To  remove  SH^,  from  a  gaseous  mixture  of  COj  and  SH^,  shake 
up  a  solution  of  cupric  or  cadmium  chloride  with  the  gases. 

Experiments. 

SHj,  being  heavier  than  air,  can  be  collected  in  tubes  by  downward 
displacement.  The  most  convenient  mode  of  preparation  is  by  acting 
on  FeS  with  HCl.  It  can  be  done  in  a  flask  or  tube,  with  delivery 
tube.  Aluminium  sulphide  is  also  convenient,  as  it  is  decomposed 
by  water. 

I.  Blue  litmus  paper,  when  moist,  is  reddened. 

II.  A  taper  is  extinguished,  but  the  gas  burns,  forming  water, 
which  will  make  a  deposit  of  moisture  on  a  cold  substance,  and  a 
little  SO3  and  some  sulphur  will  be  deposited  on  the  sides  of  the  tube 
as  the  flame  sinks. 

III.  A  piece  of  paper  moistened  with  lead  acetate  is  turned  black 
on  immersion  in  the  gas  ;  a  silver  coin  placed  on  the  top  of  the  tube 
will  also  be  blackened. 

NITRIC  ACID,  HNO3,  is  obtained  as  a  colourless,  highly  cor- 
rosive distillate  when  nitrates  are  gently  heated  with  strong  sulphuric 
acid,  and  the  vapour  which  arises  condensed.  It  is  characterised 
by  the  facility  with  which  it  parts  with  its  oxygen,  and  it  is  on  this 
property  that  the  detection  of  nitric  acid  or  a  nitrate  depends. 
Crude  nitric  acid  is  yellow,  because  of  partial  decomposition  into 
nitrous  acid,  and  presence  of  oxides  of  nitrogen. 

Dry  Reactions  and  Experiments. 

Most  nitrates  fuse  readily  when  heated.  All  are  decomposed 
when  heated  to  a  high  temperature.  The  decomposition  products 
vary  with  the  nature  of  the  base,  and  to  some  extent  with  the  tem- 
perature employed,  an  oxide  of  nitrogen  and  oxygen  generally  being 
given  oft'.  Thus,  ammonium  nitrate,  NH^NOj,  breaks  up  into  OS, 
and  ^(OHjj) ;  potassium  or  sodium  nitrate  into  nitrite  (always  con- 
taminated, however,  with  nitrate  and  oxide),  with  liberation  of 
oxygen,  and  ultimately,  on  the  application  of  a  stronger  heat,  inti 
oxide  or  peroxide — nitrogen  and  oxygen  being  given  off;  others,  such 
as  lead  nitrate,  into  0  and  N^O^,  leaving  the  oxide  of  the  metal 
When  heated  together  with  substances  capable  of  taking  up  ozygeBi 
such  as  carbon,  charcoal,  alkali  cyanides,  sulphur,  or  phosphoiiis,  tin 
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lecomposition  becomes  explosively  violent,  and  free  nitrogen  gas 
>nly  is  liberated.  (Chlorates  explode  in  like  manner,  but  leave 
metallic  chlorides.) 

Reactions  in  Solution. 

With  the  exception  of  a  few  basic  salts,  nitrates  are  readily  soluble 
in  water ;  hence  nitric  acid  cannot  be  detected  in  the  usual  way — 
that  is,  by  producing  precipitates  by  double  decomposition.  When 
icted  upon  by  reducing  agents,  e.g,,  nascent  H,  the  deoxidation  of 
the  acid  may  be  partial,  to  some  of  the  lower  oxides  of  nitrogen,  or 
complete  to  nitrogen,  or  to  ammonia  or  hydroxy lamine. 

Quite  a  number  of  intermediate  products  can  be  obtained  from 
the  action  of  nascent  hydrogen  on  nitrates. 

N,0,  or  NO, 

NA 

N  A  or  NO 

n;o 

NH,OH 
NH3. 

1st.  Reactions  in  which  nitric  acid  is  reduced  to  oxides  of 
nitrogen. 

Dilute  nitric  acid,  or  a  solution  of  potassium  nitrate,  KNO3,  may 
be  employed. 

Nitric  acid  and  nitrates  are  decomposed  when  heated  with  con- 
centrated hydrochloric  acid  (or  a  chloride  when  heated  with  nitric 
acid).  Nitrosyl  chloride,  NOCl,  and  chlorine  are  evolved,  and  the 
liquid  acquires  the  power  of  dissolving  gold  leaf  or  platinum  foil  (see 
these  metals)  because  of  the  chlorine  produced.  (Chlorates,  bromates, 
iodates,  chromates,  and  permanganates  also  evolve  chlorine  when 
treated  with  hydrochloric  acid.) 

Pour  some  concentrated  sulphuric  acid  (free  from  nitric  acid) 
upon  a  little  potassium  nitrate,  in  a  dry  test-tube,  see  that  the 
mixture  is  cool,  and  then  add  gradually  a  solution  of  ferrous  sulphate 
80  that  it  lies  upon  the  sulphuric  acid — not  mixing  with  it — or,  better, 
a  few  crystals  of  ferrous  sulphate.  A  ring  is  seen  to  form  at  the 
point  of  contact  of  the  two  layers,  or  around  the  crystals,  of  a  violet- 
red  or  dark  brown  colour,  according  to  the  quantity  of  the  nitrate 
present.  The  coloration  is  increased  by  ver^  slight  agitation,  but  it 
disappears  on  heating.  This  is  owing  to  the  formation  of  a  transient 
compound  of  the  ferrous  salt  with  N.O^  (4FeS0„N,0,).  The  other 
three  atoms  of  oxygen  from  two  molecules  of  nitric  acid  oxidise  six 
molecules  of  ferrous  into  three  molecules  of  ferric  sulphate,  Fe2(S0 J3. 
This  is  the  usual  method  by  which  nitric  acid  is  detected.  The  change 
may  be  expressed  thus : 

lOFeSO,  +  3H,S0,  +  2HNO3  =  3Fe.,(SOj3  +  4FeS0,,N,0,  + 

4  OH,. 

A  solution  of  a  nitrate,  when  added  to  a  hot  solution  of  indigo 
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in  sulphuric  acid  (sulphimligotic  acid),  changes  the  blue  colour  of 
the  indigo  to  yellow.  (Free  chlorine  and  other  oxidising  agents  also 
bleach  indigo.) 

Metals,  Cu,  Ag,  Zn.  Pb,  or  Hg,  are  dissolved  by  nitric  acid,  with 
evolution  of  ruddy  fumes,  and  also  by  a  mixture  of  a  nitrate  with 
strong  sulphuric  acid.  A  similar  reaction  takes  place  when  copper 
filings  are  mixed  with  a  nitrate  and  hydrogen  potassium  sulphate 
and  fused  in  a  test-tube  or  crucible. 

2nd.  Reactions  in  which  nitric  acid  is  entirely  reduced, 
and  its  nitrogen  converted  into  ammonia. 

All  nitrates  when  fused  with  caustic  alkalies,  lime,  or  soda-lime, 
and  some  non-nitrogenous  organic  substance,  such  as  sugar  or  starch, 
evolve  ammonia. 

The  gas  may  be  readily  recognised  by  its  odour,  or  action  upon 
red  litmus  paper.     The  experiment  may  be  done  in  a  test-tube. 

Nascent  hydrogen,  produced  by  the  action  of  KHO  upon  metallic 
zinc,  iron,  or  aluminium,  gives  rise,  in  the  presence  of  a  niti-ate,  to 
the  formation  of  ammonia,  thus : 

(1)  Zn  +  2KH0  =  Zn(KO),  4-  H,. 

(2)  KXO3    +  4H,       =  NH3         +  KHO  ♦  4-  20H,. 

When  stannous  chloride,  hydrochloric  acid,  and  a  nitrate  are 
heated  together,  the  tendency  of  the  stannous  chloride  to  combine 
with  two  more  atoms  of  chlorine  to  form  stannic  chloride,  aided  by 
1  he  oxidising  action  of  nitric  acid  upon  the  hydrogen,  breaks  up 
Hydrochloric  acid,  with  formation  of  stannic  chloride  and  ammonia, 
thus  : 

4SnCI,  +  KNO,  +  lOHCl  =  4SnCl,  +  NH.Cl  +  KCl  4-  30H,. 

Nitrates  gently  heated  together  with  ammonium  salts,  as  KKO3 
and  NH^OJ,  give  nitrous  oxide  as  one  product : 

KNO3  +  NH.Cl  =  KCl  +  H,0  +  N,0. 

N./)  supports  the  burning  of  a  glowing  match. 

To  detect  free  nitric  acid  in  the  presence  of  a  nitrate,  evaporate 
the  solution  on  a  water-bath  with  quill  cuttings  or  white  wool  or 
silk.     Nitric  acid  colours  these  substances  yellow. 

Ammonium  nitrate  and  the  nitrates  of  other  amines  behave  in  ^ 
somewhat  peculiar  manner  with  metals  and  some  benzenic  conci' 
pounds. 

NITROUS  ACID,  HNO,.— Both  the  acid  and  anhydride  are  marke^^ 
by  their  proneness  to  undergo  decomposition,  in  the  presence  ^^ 
water,  into  nitric  acid  and  nitric  oxide. 

*  The  KHO  represented  here  is  in  practice  further  changed  by  the  met^ 
employed. 
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Dry  Reactions. 

Nitrites  fuse  and  are  decomposed  on  ignition  into  oxides,  with 
evolution  of  nitrogen  and  oxygen.  Mixed  with  carbon,  potassium 
cyanide,  sulphur,  and  other  oxidisable  bodies,  nitrites  deflagrate 
like  nitrates,  with  which  they  have,  in  fact,  most  of  the  dry  reactions 
in  common. 

Reactions  in  Solution. 

All  nitrites  are  soluble  in  water  ;  silver  nitrite,  AgNO^,  although 
readily  soluble  in  hot  water,  is  somewhat  difficultly  soluble  in  cold 
water  (300  parts),  and  serves  for  the  preparation  of  pure  nitrites, 
by  double  decomposition  with  neutral  soluble  chlorides.  Dilute 
acids  liberate  N^O^  and  convert  a  portion  of  the  nitrite  into  nitrate, 
thus :  3KN0,  +  H,SO,  =  N,0,  +  KNO3  +  K,SO,  +  OH,.* 

The  reactions  by  which  the  presence  of  nitrous  acid  can  be 
readily  recognised  may  be  divided  into  two  classes  : 

1st.  Reactions  in  which  the  acid  acts  as  an  oxidising  agent. 

SHj  decomposes  aqueous  solutions  of  alkali  nitrites,  with  forma- 
tion of  NgOj  (of  NH3  when  the  reaction  goes  on  for  some  time)  and 
alkali  sulphides,  thus : 

2KNO2  +  2SH,  =  N,0,  +  20H,  +  S,K,. 

In  acid  solutions  the  decomposition  is  accompanied  by  a  copious 
separation  of  sulphur. 

Acid  solutions  of  ferrous  salts  are  turned  dark  brown  on  addition 
of  a  nitrite,  owing  to  the  absorption  of  N^O,  gas  by  a  portion  of  the 
nnoxidised  ferrous  salt.  On  the  application  of  heat  NgOg  is  evolved, 
thus : 

2FeCl,  +  4HC1  +  2KN0,  =  Fe^Cl^  +  2KCI  +  N,0,  +  20H,, 

Ammonium  nitrite,  N02(NH4),  breaks  up  on  the  application  of 
heat  into  N  and  OH^.  Nitrites  containing  fixed  bases  are  decom- 
posed in  like  manner  on  the  addition  of  an  ammonium  salt,  thus  : 

(NHJ^COg  +  2KN0,  =  N,  +  40H,  +  K.COg. 

KI  and  starch  solution  give  in  the  presence  of  a  nitrite  and  a 
dilute  acid  blue  iodide  of  starch.     (See  also  HI.) 

When  a  very  dilute  solution  of  a  nitrite — say  a  polluted  well 
^ater — is  added  to  a  cold  saturated  solution  of  sulphate  of  diamido- 
benzoic  acid  and  the  nitrous  acid  liberated  with  a  few  drops  of 
dilute  acid  (H^SOJ,  the  solution  acquires  an  intense  yellow  colour. 
As  little  as  ^  mgr.  of  N2O3  diftused  in  one  litre  of  water  can  thus 
readily  be  discovered.  Diphenylamine  dissolved  in  an  acid,  as  HCl, 
gives  a  blue  colour  with  a  minute  quantity  of  nitrous  acid.  The 
HCl  compound  of  phenylenediamine  is  even  more  delicate  in  its 
indication,  a  rosy  colour  being  produced.    Possibly  the  most  delicate 

*  As  performed  in  the  usual  way,  red  fumes  are  always  produced,  due  to 
formation  of  N2O3  and  NOg  by  contact  of  the  NgOg  with  air. 
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test  for  nitroii^  acid  is  a  mixture  of  anaphtjlamine  and  sulphanilic 
acid  dissolved  in  a  slight  excess  of  H^SO^.  Exceedingly  minute 
quantities  of  HNO^  give  with  this  reagent  a  lovely  rosy  red 
coloration,  due  to  the  formation  of  a  diazo  derivative. 

=   a-naphtylamine  =  OjoHyNH^. 
NH, 

=  sulphaniUc  acid  =  CgH^NH^SOgfl. 


SO3H 

The  reagent  should  be  made  by  dissolving  equivalent  weights  of 
«-naphtylamine  and  sulphanilic  acid  in  moderately  strong  H^SO^. 
This  solution  should  be  colourless.  A  few  drops  only  of  the  solution 
to  be  tested  is  diluted  with  twenty  to  fifty  times  as  much  water  and 
one  cubic  centimetre  of  the  a-naphtylamine  solution  added.  A  rosy 
pink  colour  should  appear  within  ten  minutes. 

The  test  is  somewhat  too  delicate  for  most  ordinary  purposes. 

2nd.  Reactions  in  which  the  acid  acts  as  a  reducing  agent, 
and  is  converted  into  nitric  acid,  thus : 

2HN0,  +  O,  =  2HNO3. 

AuClg  and  Hg^Cl,  give  metallic  gold  and  grey  metallic  mercuiy 
respectively. 

KjjMn^Oy  oxidises  nitrites  into  nitrates  in  the  presence  of  a 
mineral  acid  (Hj,SOJ,  and  the  permanganate  solution  is  rapidly 
decolorised,  especially  if  the  solution  be  warmed. 

Potassium  dichromate  is  reduced  under  similar  conditions  to  a 
green  salt  of  chromium.  Nitrates  are  not  affected  by  potassium 
permanganate  or  alkali  chromates. 

PbO.,  converts  HNO^,  into  HNO3,  but  does  not  act  upon  very 
dihite  HNO3. 

Hydroxylamine,  NH.,OH,  is  formed  in  many  processes  of 
reduction  of  oxides  of  nitrogen  as  a  preliminary  to  the  formation 
of  ammonia.  Tin  and  nitric  acid  produce  a  little,  the  hydrogen 
displaced  from  the  acid  by  the  tin  reacting  thus  : 

HNO3  +  3H,  =  NH.OH  +  2H,0. 

Salts  are  known,  as  NH.OHHCl  and  NH.OHHNOa,  but  they 
are  somewhat  unstable,  and  the  free  base  more  so.  Cupric  salts 
are  reduced,  in  alkaline  solutions,  to  cuprous  oxide  (characteristic 
reaction),  and  mercuric  salts  to  mei-curous. 

Hydrazine,  N,H^,  can  be  looked  upon  as  diamidogen,  to^tt*.  *^® 
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)mi-molecule,  NH^,  of  which  was  supposed  to  exist  in  combination 

1  amides.     The  substanco  may  be  obtained  by  several  *'  organic '' 

3actions,  and  also  by  the  action  of  sodium  amalgam  on  an  aqueous 

)lution  of  potassium  nitrosyl  sulphate,  K^SOgN^Og.     This  substance 

formed  when  sulphur  dioxide  is  passed  into  a  solution  of  potassium 

itrite.     N^H^  is  gaseous,  but  dissolves  in  and   forms  a  compound 

ith   water,   N^H^H^O,    which   boils   at   118'5°.      The   anhydrous 

impound  boils  at  113°.     It  forms  salts  with  acids,  as  NgH^HCl, 

'3H42HCI,  and  N3H4H2SO4.   This  sulphate  is  one  of  the  least  soluble 

I  the  hydrazine  salts.    The  base  itself  has  a  powerful  reducing  action 

Q  salts  of  Cu,  Ag,  Hg,  &c.,  at  ordinary  temperatures.     Platinum 

ad  gold  solutions  are  immediately  reduced. 

N 
Hydrazoic  acid,  t^^H,  was  first  obtained  from  organic  compound 

t  hydrazine.     It  can  be  obtained  as  a  sodium  salt  by  the  action  o'^ 
r^O  on  sodium  amide,  NH^Na. 

2]SraNH,  +  N,0  =  NaNg  +  NaOH  +  NH3. 

'his  mode  of  preparation  is  dangerous. 

Hydrazine  sulphate  and  nitrous  acid  react,  analogously  to  the 
iazo  reaction,  thus  : 

SNgH.HgSO,  +  6NaN0,  +  3H,S0,  =  2N3H  +  8H,0  + 

6KHS0,  +  O3  +  No  +  2X0  (?). 

The  pure  substance  is  a  very  volatile  and  evil-smelling  liquid, 
vhich  boils  at  37°,  and  is  most  highly  explosive  either  as  liquid, 
^apour,  or  in  solution.  Its  solution  is  acid,  and  dissolves  zinc  and 
'ther  metals,  giving  crystalline  salts,  which  also  explode  most  violently 
'^hen  heated. 

The  ammonium  salt  has  the  composition  N3HNH3.  It  is  a  white 
rystalline  compound  which  flashes  oflf  on  contact  with  a  flame,  and 
etonates  on  percussion  or  heating  in  a  closed  vessel.  It  is  probably 
lie  most  powerful  explosive*  at  present  known.  The  silver  salt, 
^Nj,  is  formed  as  a  white,  very  insoluble  precipitate  on  addition  of 
solution  of  hydrazoic  acid  to  any  soluble  silver  salt.  It  closely  re- 
*mbles  silver  chloride  in  appearance.  On  heating  or  percussion  it 
Kplodes  with  extreme  violence. 

'YDROCHLORIC  acid.— Hydrogen  chloride,  HCl,  is  readily 
^sorbed  by  water,  and  forms  one  of  the  most  useful  acids.  Chlorides 
y  an  important  class  of  chemical  compounds,  and  are  very  widely 
istributed  in  nature. 

Some  chlorides  are  liquid  at  the  ordinary  temperature,  and  can  be 
istilled  without  decomposition,  such  as  SnCl^,  PCL^,  and  CCl^ ;  SbC]3 
^  a  soft,  white,  crystalline  solid  which  distils  at  22*^)"  C. ;  others  are 
^lid,  but  fusible  at  moderately  high  temperatures,  but  not  very 
olatile  until  heated  to  temperatures  such  as  the  melting-points  of 
^pper  or  platinum. 

Most  chlorides  seem  to  be  more  volatile  in  a  current  of  air,  but 
^Dae  decomposition  always  occurs. 
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Experiments  (see  ante), 

I.  HCl  is  given  oflf  as  a  gas  when  a  chloride  is  treated  with 
strong  HjSO^.  NaCl,  sodium  chloride,  is  the  substance  used  for  the 
source  of  chlorine,  hydrochloric  acid,  and  of  sodium  compounds. 
Arrange  a  large  test-tube  or  flask  with  delivery  tube,  charge  with 
common  salt,  and  drop  on  to  this  strong  H,SO^.  The  gas  will  escape 
and  be  nearly  dry.  NaCl  +  H,SO,  =  NaHSO,  +  HCL  It  is  not  neces- 
sary to  heat  the  substances.  Several  dry  tubes  may  be  filled  by 
the  gas  by  downward  displacement,  and  then  covered  with  a  waxed 
plate. 

N.B. — The  most  convenient  covering  for  a  test-tube  in  which  a 

gas  has  been  collected  is  a  watch-glass  in  which  some  paraffin  wax 

has  been  melted  and  allowed  to  become  almost 

solid,  and  the  wax  then  gently  pressed  on  the 

top  of  the  test-tube. 

Place  in  the  tube  a  piece  of  well  dried  blue 
litmus ;  notice  the  colour  hardly  changes  until 
moisture  has  been  absorbed;  also  notice  the 
white  fumes  when  the  gas  comes  in  contact 
with  moist  air. 

II.  Introduce  a  burning  taper.  It  is  ex- 
tinguished and  the  gas  does  not  ignite  or  burn. 

III.  Pour  in  lime  water ;  remains  clear. 

IV.  Introduce  quickly  into  a  tube  of  the 
Fig.  92.               dry  gas  a  little  zinc  or  magnesium  filings  or 

aluminium  foil,  shake  up  for  a  minute,  holding 
the  waxed  cover  tightly  on,  and  then  test  the  gas  in  the  tube  with  a 
flame. 

It  should  burn  with  a  flame  like  hydrogen,  because : 

Mg  +  2HC1  =  H,  +  MgOl,. 

V.  A  tube  of  the  gas  should  be  inverted  with  the  mouth  under 
cold  water,  and  then  the  cover  removed ;  water  should  enter  the 
tube,  almost  filling  it.     Litmus  placed  in  this  water  is  reddened. 

VI.  A  gram  or  so  of  MnO^,  or  K^MujOg,  or  PbOj,  in  powder, 
dropped  into  a  tube  of  IICl,  liberates  a  little  chlorine.  After  stand- 
ing a  minute  or  so  a  piece  of  blue  litmus  should  be  bleached  on 
placing  in  the  gas. 

Reactions. 

Upon  ignition  certain  chlorides,  such  as  AuClj,  PtCl^,  are  decom- 
posed, with  evolution  of  chlorine  gas,  first  into  AuCl  and  PtOlg,  which 
are  almost  insoluble  in  water,  and  finally  into  Au  and  Pt.  Magne- 
sium chloride  is  decomposed  by  heat  in  the  presence  of  waber  into 
oxychloride,  with  formation  of  HCl.  Anhydrous  ferric  chloride, 
when  heated  in  contact  with  air,  is  decomposed  into  Fe^Oj  and  801,' 
Similarly  with  aluminic  chloride,  which  also  decomposes  very  energ^' 
tically  with  water  and  substances  containing  hydroxy  1,  or  withcertaii^ 
hydrocarbons  and  halogen  compounds. 
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Heated  in  a  bead  of  microcosmic  salt  saturated  with  cupric  oxide, 
chlorides  impart  a  blue  colour  to  the  outer  flame,  owing  to  the  forma- 
tion of  volatile  CuClg. 

When  a  dry  chloride  is  mixed  with  potassium  dichromate  and 
concentrated  sulphuric  acid,  and  gently  heated,  a  deep  brownish  red 
gas,  called  chlorochromic  acid  or  chromylic  chloride,  CrO^jCl^,  is 
formed,  and  can  be  collected  in  a  receiver.  It  is  a  deep  red,  almost 
black  liquid.  The  reaction  taking  place  is  expressed  by  the  equa- 
tion : 

4NaCl  +  K,Cr,0,  +  3H,,S0,  =  2CrO,Cl3  +  2Na.,S0,  + 

Chlorochromic  acid 
or  chromyl-chloride. 

K,SO,  +  30H,. 

This  liquid  is  decomposed,  on  mixing  with  water,  into  chromic 
and  hydrochloric  acids,  thus  :  CrO,Ol2  +  20H2  =  H,CrO,  +  2HCl;  or 
by  aqueous  ammonia  or  potassium  hydroxide  into  the  correspond- 
ing salts.  The  presence  of  chromic  acid,  and  indirectly  of  hydro- 
chloric acid,  is  inferred  from  the  yellow  precipitate  which  a  lead  salt 
produces  with  these  solutions. 

The  reaction  may  be  employed  for  recognising  a  chloride  in  the 
presence  of  a  bromide  or  iodide.  The  two  latter  are  liberated  as  Br 
and  I  respectively,  and  on  the  addition  of  sodium  or  potassium 
hydroxides  are  dissolved  to  a  colourless  solution. 

To  make  sure  in  case  of  a  mixture  it  is  better  to  test  for  Cr 
in  the  aqueous  solution  of  the  distillate  either  by  the  hydrogen- 
peroxide  reaction  or  with  a  bead  of  sodium  carbonate.  (See  "  Chromic 
Acid.") 

Chlorides  may  be  divided  into  : 

1st-  Chlorides  insoluble  in  water,  such  as  AgCl  and  Hg^Clg, 
which  are  quite  insoluble;  PbCl^,  soluble  in  135  parts  of  cold 
water,  readily  soluble  in  boiling  water  ;  and  Cu^Cl^,  almost  insoluble 
in  water,  also  in  dilute  sulphuric  acid ;  soluble  in  ammonium  hy- 
droxide, HCl  and  NaCl  solutions.  AuCl  and  PtCl^  are  almost 
insoluble  in  water,  but  form  soluble  double  salts  with  a  number  of 
other  chlorides. 

2nd.  Chlorides  which  are  soluble  in  water,  comprising  most  other 
chlorides.  The  chlorides  of  the  more  positive  metals,  as  K,  Na,  Ba, 
&c.,  are  less  soluble  in  aqueous  HCl  and  strong  acid  solutions  than 
in  OH^ 

Some  chlorides  of  the  less  positive  elements  (with  the  exception 
0^  Hg  and  Ag)  are  decomposed  by  water,  with  formation  of  free  acid 
and  metallic  oxides  or  hydroxides,  e.g.^  AsCl^  (forms  A^.f>.^y  or  of 
^me  insoluble  oxychloride  (SbCl^  gives  SbOCl ;  J3iCl3  gives  BiOCl) ; 
soluble,  however,  in  excess  of  HCl. 

AgN03  gives  a  white  curdy  precipitate  of  silver  chloride,  AgCl, 
the  formation  of  which  is  not  affected  by  the  presence  of  dilute  or 
even  moderately  strong  nitric  acid.  The  precipitate  turns  violet  on 
exposure  to  light.  It  is  insoluble  in  nitric  acid  ;  soluble  in  ammrnium 
hydroxide,  but  is  reprecipitated  therefrom  unchanged  on  thea<ldition 
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of  nitric  acid  ;  it  Is  likewise  soluble  in  potassium  cyanide  and  sodium 
thiosulphate,  and  to  a  considerable  extent  in  hydrochloric  acid,  and 
alkali  chlorides  (especially  LiCl,  from  which  it  is  reprecipitated  on 
dilution).  Silver  chloride  fuses  when  heated  nearly  to  redness  without 
undergoing  decomposition,  to  a  transparent  horn-like  mass,  called 
horn-silver. 

Chlorides  are  decomposed  on  heating  with  manganic  oxide  and 
concenti-ated  sulphuric  acid,  when  chlorine  is  evolved,  according  to  the 
equation  : 

MnO,  +  2NaCl  +  2H,S0,  =  CI,  +  MnSO,  +  Na,SO,  +  20H,. 

This  gas  is  readily  recognised  by  its  bleaching  properties,  its 
yellowish  green  colour,  and  its  action  upon  iodised  starch  paper, 
or  upon  a  dilute  solution  of  potassium  iodide  and  freshly  prepared 
starch  solution,  giving  rise  to  the  formation  of  blue  iodide  of 
starch. 

Concentrated  sulphuric  acid  liberates  gaseous  hydrochloric  acid 
from  chlorides. 

HgCl,,  llg.pi,  AgCl,  PbCl,,  SnCl,,  and  SnCl,  are  decomposed 
with  some  difficulty,  or  very  slowly,  by  concentrated  sulphuric  acid. 
Potassium  hydrogen  sulphate  fused  with  these  chlorides  liberates 
HCl.  Traces  of  free  HCl  in  the  presence  of  a  soluble  chloride  are 
bast  detected  by  gently  heating  with  MnO,  or  PbO,,  and  passing 
the  evolved  chlorine  into  a  solution  of  potassium  iodide  and  starch. 
The  chlorine  liberates  iodine  (2KI  +  Cl2  =  2KCl  +  l2),  which  gives  a 
blue  colour  with  the  starch. 


CHLORIC  ACID,  IICIO3.— Is  obtained  in  combination  with  calcium, 
by  passing  chlorine  through  a  hot  solution  of  calcium  hydroxide  to 
complete  saturation  : 

r)Ca(HOX,  +  GCl,  =  Ca(C10,),  +  5CaCl,  +  60H,. 

By  adding  KCl  to  the  solution  calcium  chloride  and  potassium 
chlorate,  KCIO3,  are  formed  by  double  decomposition.  Potassium 
chlorate,  being  little  soluble  in  cold  water,  and  still  less  so  in  a 
solution  of  calcium  chloride,  crystallises  out,  and  is  washed  with  cold 
water  and  purified  by  recrystallisation. 

Free  chloric  acid,  IICIO3,  cannot  be  kept  in  a  free  state  for  very 
long.  Even  at  the  ordinary  temperature  it  undergoes  decomposition, 
generally  explosively.  It  can  be  obtained  in  solution  by  adding  the 
exact  amount  of  H^SO^,  dilute,  to  a  cold  solution  of  barium  chlorate. 
On  evaporating  at  a  low  temperature  in  a  vacuum  it  may  be  con- 
centrated, but  the  operation  is  too  dangerous  for  any  ordinary 
workers. 

Dry  Reactions  of  Chlorates. 

All  chlorates  are  decomposed  by  heat ;    they  fuse  and  evolve 
oxygen,  or  a  mixture  of  chlorine  and  oxygen,  according  to  the  greater 
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or  less  affinity  of  the  metal  for  oxygen  or  chlorine,  leaving  a  residue, 
consisting  of  a  metallic  chloride,  oxychloride,  or  oxide.* 

On  heating  a  few  crystals  of  potassium  chlorate  in  a  test-tube,  the 
presence  of  oxygen  can  be  shown  by  introducing  a  glowing  splinter 
of  wood  into  the  test-tube.  On  dissolving  the  fused  mass  in  water, 
and  adding  a  drop  of  silver  nitrate,  a  white,  curdy  precipitate  is 
obtained,  whilst  a  solution  of  a  chlorate  (unignited)  gives  no,  or  only 
a  very  slight,  precipitate. 

Chlorates  part  with  their  oxygen  far  more  readily,  when  heated, 
than  nitrates.  When  mixed  with  oxidisable  substances,  such  as 
C,  S,  P,  cyanides,  or  sulphides,  they  explode  violently  when  gently 
rubbed  together  in  a  mortar,  or  when  moistened  with  a  drop  of  con- 
centrated sulphuric  acid.  Care  must  therefore  be  taken  not  to 
powder,  or  heat  together,  a  chlorate  with  organic  substances,  even  in 
small  quantity,  and  especially  not  with  sulphur  or  sulphides  or 
phosphorus.  Chlorates  and  red  phosphorus  explode,  or  ignite,  when 
very  geiitly  rubbed  together  on  paper.  Matches  and  many  igniting 
compositions  for  military  purposes  depend  on  these  properties  for 
their  action.  Chlorates  and  finely  divided  metals,  as  aluminium 
powder,  magnesium  filings,  &c.,  are  employed  to  produce  flashlights 
for  photographic  purposes.  These  mixtures  are  veiy  dangerous,  as 
they  explode  on  percussion  as  well  as  by  contact  with  a  flame. 

Experiments  and  Reactions  in  Solution. 

A  solution  of  potassium  chlorate  may  be  employed. 

All  chlorates  are  soluble  in  water. 

Concentrated  sulphuric  acid  decomposes  potassium  chlorate  at 
quite  a  low  temperature,  a  reddish  liquid  and  greenish  yellow  gr.s, 
called  chloric  peroxide,  Cl^jO^,  being  formed,  which  is  recognised  by 
its  suffocating  odour.  On  the  application  of  heat  a  violent  explosion 
occurs,  due  to  the  resolution  of  Cl^O^  into  chlorine  and  oxygen.  A 
single  crystal  only  of  the  chlorate  should  be  employed,  and  the  test- 
tube  should  be  held  with  its  mouth  turned  away  from  the  operator. 
The  change  may  possibly  be  expressed  by  the  equations  : 

2KCIO3  +  H,SO,  =  K,SO,  +  2HCIO3; 
^(HClOg)  =  2Ufi  +'2(C1A)  +  O,. 

A  chlorate  dropped  into  hot  sulphuric  acid  gives  oflf  a  mixture  of 
chlorine  and  oxygen  gases.     This  is  quite  safe. 

Strong  hydrochloric  acid,  especially  when  heated,  decomposes 
potassium  chlorate,  giving  oflf  a  mixture  of  chloric  peroxide  and  free 
chlorine,  thus  : 

8KOIO3  +  24HC1  =()C10,  +  9C],  +  8KC1  +  120H,. 

*  Some  metallic  oxides  aid  the  decomposition  of  chlorates  very  consider- 
ably when  mixed  with  them  and  gently  heated.  This  is  the  case  with  MnO.v 
A  little  CI  is  liberated  and  a  corresponding  amount  of  KoMnOj  formed.  This 
decomposes  at  about  240",  and  the  MnO.^  and  K.^O  resulting  act  on  the  KCIO3, 
reforming  K2Mn04,  to  undergo  the  same  cycle  of  changes.  Other  oxides, 
especially  those  of  the  more  negative  elements,  turn  out  loth  oxTgen  and 
chlorine— «.^.,  WOj,  SnOg,  TiOg,  (UO).A,  M0O3,  &c. 
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A  solution  of  indigo  (sulphindigotic  acid)  is  decolorised  on  the 
addition  of  a  chlorate  and  dilutee  sulphuric  acid,  by  a  reaction 
analogous  to  that  produced  by  free  nitric  acid. 

Sulphur  dioxide,  as  gas,  on  contact  with  a  solid  chlorate  becomes 
oxidii^ed,  a  white  cloud  of  SO3  and  a  greenish  gas,  ClO^,,  being  pro- 
duced.    The  chlorate  is  eventually  converted  into  sulphate. 

An  aqueous  solution  of  a  chlorate  behaves  in  a  similar  manner 
towards  sulphurous  aciJ,  but  no  ClO^  is  liberated. 

PERCHLORIC  ACID,  HCIO,.— Perchlorates  are  more  stable  than 
chlorates*.  Concentrated  sulphuric  acid  fails  to  decompose  them 
when  cold,  and  with  diflSculty  only  on  heating.  (Distinction  from 
chlorates.)  Hydrochloric,  nitric,  and  sulphurous  acids  do  not  de- 
compose aqueous  solutions  of  perchlorates,  nor  is  indigo  solution 
decolorised.  All  perchlorates  are  soluble  in  water,  most  of  them 
freely.  Potassium  perchlorate  is  sparingly  soluble  in  cold  water,  and 
insoluble  in  alcohol. 

A  certain  quantity  of  potassium  perchlorate,  KCIO^,  is  formed 
when  potassium  chlorate  is  heated  to  a  moderate  temperature,  until 
some  oxygen  has  been  given  off.  The  residue  then  contains  a  mixture 
of  chlorate,  chloride,  and  perchlorate.  The  equation  2KCIO3  =  KCl 
4-KCl04-fO^,  has  been  proposed,  but  disputed  on  experimental 
grounds.  Possibly  this  would  be  true  within  some  narrow  tempera- 
ture limits,  wliich  have  not  yet  been  found.  Enough  perchlorate  can 
be  obtained  by  heating  a  few  grams  of  KCIO3  in  a  tubo,  until  it  has 
melted  and  the  oxygen  commenr^es  to  comes  off  somewhat  rapidly. 
The  tube  may  then  be  dropped  into  water.  It  will  break  up.  The 
water  should  then  be  boiled  up,  filtered  from  the  glass  particles  and 
allowed  to  crystallise,  after  evaporation  if  necessary,  and  the  crystals 
boiled  with  HCl  until  no  more  chlorine  or  ClOj,  is  evolved,  and  finally 
recrystallised. 

In  order  to  distinguish  a  nitrate  in  the  presence  of  a  chlorate, 
mix  the  substance  with  Na.,C03,  if  other  bases  than  potassium  and 
sodium  are  present,  and  ignite  until  the  evolution  of  oxygen  nearly 
ceases,  and  test  the  residue  for  nitrous  acid.  The  effect  of  the 
ignition  upon  the  chlorate  is  to  change  it  into  chloride,  and  the 
nitrate  into  nitrite  to  some  extent.  The  CI  may  be  tested  for  (by 
adding  HNO3  ^"^  -^g^O.,  to  a  portion),  but  this  is  not  evidence  of 
the  presence  of  a  chlorate  in  the  original  substance,  unless  chlorides 
are  proved  absent.  Alkali  nitrates  and  nitrites  will  withstand  a 
higher  temperature  than  chlorates. 

To  apply  this  test  for  chlorates  in  the  presence  of  chlorides,  an 
excess  of  Ag^SO^  must  be  first  added  to  the  solution,  and  the  filtrate 
from  the  AgCl  may  then  be  mixed  with  Ka^,C03,  evaporated  to 
dryness,  and  treated  as  above. 

HYPOCHLOROUS  ACID,  ClHO.^The  salts  which  this  acid 
forms  possess  considerable  interest,  on  account  of  the  powerful 
bleaching  action  which  they  exert  in  the  presence  of  acids.     Sodium 
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ind  calcium  hypochlorites  are  obtained,  along  with  the  corresponding 
3hlorides,  by  passing  chlorine  through  a  cold  solution  of  the  carbonate 
or  hydroxide.  An  important  compound  closely  related  to  the  hypo- 
chlorites is  the  so-called  calcium  chlorohypochlorite  (a  constituent  of 
jhloride  of  lime  or  bleaching  powder),  which  appears  to  be  formed 
iccording  to  the  equation  :  Ca(HOX  +  CI,  =  Ca(OCl)Cl  +  OH,. 

Hypochlorites  are  gradually  decomposed  on  exposure  to  air,  with 
iberation  of  chlorine,  owing  to  the  action  of  the  carbon  dioxide  con- 
tained in  air,  and  it  is  on  this  account  that  hypochlorites  are  of  such 
jreat  value  as  disinfectants  and  bleaching  agents. 

Dry  Reactions. 

Hypochlorites,  when  heated,  are  converted  into  chlorates  and 
chlorides,  thus :  60a(0Cl)01  =  5CaCl,  +  Ca(C103),. 

Reactions  in  Solution. 

The. calcium,  sodium,  and  magnesium  hypochlorites  are  in  common 
use,  as  disinfectants  or  as  bleaching  agents.  The  calcium  salt  is 
known  as  "chloride  of  lime,"  or  bleaching  powder. 

All  hypochlorites  are  soluble  in  water.  Their  aqueous  solutions 
when  acidified  bleach  vegetable  colours.  On  heating  or  evaporating 
dilute  solutions  of  hypochlorites,  they  are  partly  decomposed  into 
chlorides  and  chlorates.  Dilute  acids  decompose  them,  with  evolu- 
tion of  chlorine.  (Distinction  between  hypochlorites  and  chlorates.) 
Hypochlorites  in  solutioi^  yield  oxygen  to  readily  oxidisable  sub- 
tances,  and  become  converted  into  chlorides,  thus  : 


As^Og    is 

oxidised  to  As.^0,.. 

MnCl, 

» 

„     MnO,, 

PbO 

>> 

„  Pbo; 

PbS 

>> 

„     PbSO,. 

fOCOH 
lOOOH 

j> 

„     2C0,  +  0H,. 

Indigo,  litmus,  and  many  organic  compounds  are  readily  de- 
colorised or  oxidised  by  hypochlorites,  because  both  chlorine  and 
active  oxygen  are  given  oflf  on  their  decomposition  by  an  acid. 

HYDROBROHIC  ACID,  HBr.  —  Bromides  are  decomposed  by 
fl^O^  in  a  similar  manner  to  chlorides,  and  some  HBr  in  a  gaseous 
state  is  evolved.  A  secondary  action  commences,  however,  very 
juickly  by  which  some  of  the  HBr  becomes  oxidised  at  the  expense 
>f  the  H,S04,and  bromine  is  liberated.     II^SO^  does  not  oxidise  I/CL 

(a)  NaBr  +  H,SO,  =  NaHSO,  +  HBr 
(fi)  2HBr  +  H3SO,  =  2H,0  +  SO,  4-  Br,. 

A  mixture,  therefore,  of  bromine  vapour  and  HBr  gas  is  usually 
itained.  A  few  bromides,  as  those  of  AgBr,  Hg^Br,,  are  decom- 
ised  only  slowly  by  H,SO^,  but  completely  by  heating  with  KHSO^. 
\  passed  into  bromine  water  forms  HBr  and  H^SO^.  As  soon  as  the 
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water  is  saturated  the  HBr  comes  off  steadily  as  the  SO^  is  passed 
in.  The  reaction  is  Br,  +  20H,  +  SO,  =  2HBr  +  H,SO,.  It  is  quite 
quantitative. 

Another  plan  of  preparing  pure  HBr  is  to  decompose  PBfj 
(phosphorous  bromide)  by  water,  thus  : 

PBr,  +  30H,  =  H3PO3  +  3HBr. 

Water  is  *^  dropped  "  into  PBrg,  contained  in  a  small  retort  or 
distilling  lla^k,  from  a  dropping  funnel,  and  the  escaping  HBr  led 
into  cold  water. 

The  phosphorous  bromide  is  prepared  by  the  action  of  bromine 
upon  phosphorus  in  a  CS,  solution.  The  CS,  is  distilled  off  on  a 
water  bath,  and  the  residual  PBr3  distilled  by  itself. 

PBr3  can  also  be  made  from  amorphous  phosphorus  treated  with 
bromine  as  above.  The  HBr  cjin  be  collected  by  downward  dis- 
placement as  with  HCl. 

Similar  experiments  should  be  made  with  it  as  with  HCl  gas 
{aute). 

Dry  Reactions. 

Most  bromides  remain  unaltered  when  ignited  ;  others  are  volati- 
lised without  decomposition.  AuBrg  and  PtBr^  are  decomposed  upon 
ignition  into  metiil  and  bromine,  which  volatilises.  Many  bromides 
are  changed  upon  ignition  with  free  access  of  air,  being  converted 
into  oxides  and  free  bromine  ;  others,  such. as  Al^Brg,*  &c.,  are  decom- 
posed, on  evaporation  of  their  aqueous  solutions,  into  oxides  and 
hydrobromic  acid.  KBr  and  NaBr  are  converted,  to  a  great  extent, 
into  KCl  and  NaCI,  on  repeated  ignition  with  ammonium  chloride. 
When  fused  with  hydrogen  potassium  sulphate  bromides  are  decom- 
posed into  sulphates,  with  evolution  of  sulphur  dioxide  and  bromine. 

J^rouiides  heated  before  the  inner  flame  of  the  blowpipe  on  a  bead 
of  microcosmic  salt,  in  which  a  little  cupric  oxide  has  been  diffused, 
impart  a  blue  colour  to  the  flame,  which  passes  into  green,  especially 
at  the  edges.  The  (lifterence  between  chlorides  and  bromides  in  this 
reaction  is  not  very  marked. 

Reactions  in  Solution. 

A  solution  of  potassium  bromide,  KBr,  may  be  employed. 

Metallic  bromides  can  be  divided  into : 

1st.  Bromides  which  are  insoluble  in  water,  such  as  AgBr,  HgjBrj, 
PbBrjj  (less  soluble  in  water  than  PbCl.^) ;   and — 

2nd.  Bromides  which  are  soluble  in  water,  comprising  most  other 
bromides ;  and — 

3rd.  Bromides,  e.g.,  SbBr-j,  BiBr^,  which  are  decomposed  by  water 
into  insoluble  oxybromides,  SbOBr,  BiOBr,  and  hydrobromic  acid. 
They  resemble  in  this  respect  the  corresponding  chlorides. 

In  order  to  detect  hydrobromic  acid  or  a  soluble  bromide,  add 
a  solution  of  a  silver  salt  to  the  solution,  when  a  yellowish  white 

*  The  corresponding  chlorides  and  iodides  are  similarly  decomposed. 
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)recipitate  of  silver  bromide,  AgBr,  is  formed,  which  is  insoluble 
n  dilute  nitric  acid,  somewhat  soluble  in  concentrated  ammonium 
lydroxide,  readily  soluble  in  potassium  cyanide  or  sodium  thio- 
ulphate. 

AgBr  is  best  decomposed  by  heating  in  an  ignition  tube  with 
ilkali  carbonates  (free  from  chlorides).  The  aqueous  extract  is 
ested  for  hydrobromic  acid,  and  the  insoluble  residue  for  silver.* 

In  the  absence  of  any  well-marked .  distinguishing  features  in 
.he. silver  bromide  precipitate,  it  is  preferable  to  liberate  bromine 
rom  soluble  bromides,  and  to  cause  the  reddish  brown  vapour  to 
ict  upon  starch  paste,  with  formation  of  yellowish  bromide  of  starch. 

Nitrous  acid  (or  a  nitrite  and  dilute  sulphuric  acid)  does  not 
iberate  any  bromine  from  pure    soluble    bromides.      (Distinction 


Fig.  93. 

^tween  bromides  and  iodides.)  All  bromides  are,  however,  decom- 
posed by  chlorine,  with  evolution  of  bromine,  which  remains 
dissolved  in  the  aqueous  solution.  On  shaking  with  a  little 
chloroform  or  bisulphide  of  carbon,  the  bromine  is  taken  up,  and 
forma  a  yellowish  red  liquid,  which  sinks  in  the  saline  aqueous 
solution. 

BROMINE  is  obtained  from  natural  bromides,  such  as  potassium, 
Bwgnesium,  and  calcium  bromides,  by  reactions  analogous  to  those 
employed  for  the  preparation  of  chlorine  from  common  salt;  for 
instance,  by  distilling  with  manganic  oxide  and  strong  sulphuric 
acid,  thus : 

2KBr  +  MnO,  +  2H,S0,  =  Br^  +  K,SO,  +  MnSO  +  20H, ; 

or  by  distilling  a  bromide  with  potassium  dichromate  and  sulphuric 
acid,  thus : 

6KBr  +  K,Cr,0,  +  7H,S0,  =  3Br,  +  Cr,(S0,)3  4-  4K1S0,  +70H,. 

♦  AgBr  is  very  solable  in  solutions  of  KBr,  NaCl.  HCl,  KI.     Water  pre 
lipitates  it  again  from  these. 

18 
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A  mixture  of  a  bromide  and  manganic  oxide,  or  potassium  dichro- 
mate,  is  introduced  into  a  tubulated  retort  (Fig.  03),  with  concen- 
trated sulphuric  aciil  diluted  with  its  own  weight  of  water,  and 
gently  heated  over  a  gas  dame.  The  reddish  brown  vapour  of 
bromine  passes  over,  and  condenses  in  a  flask  (which  should  be  kept 
cold  by  a  stream  of  water,  or,  better  still,  in  a  vessel  surrounded  with 
ice  (to  a  reddish  brown,  heavy  liquid).* 

Concentrated  sulphuric  acid  alone  evolves  hydrobromic  acid, 
together  with  bromine  and  sulphur  dioxide,  as  a  part  of  the  HBr  is 
oxidised  by  the  sulphuric  acid  (ante). 

Concentrated  nitric  acid  evolves  bromine,  together  with  nitrous 
fumes,  thus  :  2KBr  +  4HNO3  =  ^r,  +  2KNO3  +  N2O4  -I-  20F,. 

In  the  last  two  reactions  the  sulphuric  and  nitric  acids  act  as 
oxidising  ffgents,  performing,  in  fact,  the  functions  of  the  manganic 
oxide  and  potassium  dichromate  in  the  former  reactions. 

Bromine  (like  chlorine)  is  an  indirect  oxidising  agent — Le.,  it  is 
eager  to  combine  with  hydrogen,  and  is  capable  of  decomposing 
water,  sulphuretted  hydrogen,  <kc.,  under  favourable  circumstances 
(e.g,,  sunlight),  with  liberation  of  oxygen,  sulphur,  &c.  This 
property  is  made  use  of  in  the  preparation  of  hydrobromic  acid, 
which  cannot  be  obtained  pure  by  distilling  a  bromide  with  sulphuric 
acid  (for  reason  above  seen).  By  passing  sulphuretted  hydrogen 
through  bromine  mixed  with  water,  a  solution  of  hydrobromic  acid 
is  obtained,  and  sulphur  separates^  thus:  Br,  +  SH,  =  2nBr  +  S. 
This  solution  always  contains  some  sulphuric  acid,  owing  to  a 
secondary  reaction  of  the  bromine  upon  water,  in  the  presence  of 
nasoent  sulphur :  8  Br^  +  40 H^  +  S  =-=  OHBr  +  Hj^SO^,  from  which  the 
hydrobromic  acid  is  separated  by  distillation.  The  solution  distilling 
over  at  ordinary  pressures  contains  about  20  per  cent.  HBr. 

It  will  be  inferred  from  this  that  the  decomposition  of  water  by 
bromine  would  be  assisted  very  much  by  the  presence  of  deoxidising 
bodies,  such  as  phosphorus,  metallic  hypophosphites,  sulphites,  hypo- 
sulphites. 

Hydrobromic  acid  can  likewise  be  prepared  by  distilling  an 
alkali  bromide  with  phosphoric  acids,  HPO3,  or  HgPO^. 

To  detect  a  chloride  in  the  presence  of  a  bromide,  the  solution  is 
acidulated  with  dilute  nitric  acid  and  a.n  excess  oi  silver  nitrate  is 
added.  After  shaking  the  precipitate  is  washed  by  decantation,  and 
then  agitated  with  very  dilute  ammonium  hydroxide  solution,  so 
as  not  to  dissolve  all  the  precipitate.  The  ammoniacal  extract  is 
filtered  off  and  acidulated  with  nitric  acid,  when  a  white  precipitate 
is  obtained. 

BROMIC  ACID,  IIBrOg. — Is  obtained  in  combination  with  potas- 
sium by  adding  bromine  to  a  moderately  concentrated  solution  of 
potassium  hydroxide.  Potassium  bromate  crystallises  but  from  thai 
slightly  yellowish  coloured  liquid,  and  is  purified  from  potassium. 

♦  If  toHt-tubes  bo  worked  with,  then  a  little  ammonium  nitrate  (10  grms.) 
or  chloride,  with  its  own  weight  of  water,  will  form  a  good  enough  freezing* 
mixture  and  can  be  contained  in  a  small  dish. 
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romide  by  washing  with  water  and  recrystallisation.  The  reaction 
ikes  place  according  to  the  equation  : 

8Br,  +  6KH0  =  r)KBr  +  KBr03  +  30H,. 

The  free  acid  is  obtained  by  decomposing  barium  bromate  with 
lilute  sulphuric  acid. 

It  is  doubtful  whether  bromates  occur  in  nature.  They  are  also 
;eldom  employed  or  made. 

Dry  Reactions. 

All  bromates  are  decomposed  by  heat.  Some— e.^^.,  those  of  the 
alkalies — fuse  and  evolve  oxygen,  leaving  a  bromide;  others,  such  as 
zinc  and  magnesium  bromates,  leave  an  oxide  and  give  off  oxygen 
and  bromine;  others,  again,  leave  an  oxide  and  a  bromide — e,g.^ 
lead  and  cupric  bromates.  When  mixed  with  readily  oxidisable 
substances,  such  as  carbon,  sulphur,  &c.,  bromates  deflagrate  like 
chlorates. 

Reactions  in  Solution. 

Employ  a  solution  of  potassium  bromate,  KBrOj. 

All  bromates  are  soluble  in  water,  silver  and  mercurious  bromates 
!east  so. 

Dilute  sulphuric,  nitric,  or  phosphoric  acids  liberate  from  its  salts 
>romic  acid,  which,  however,  exhibits  great  instability  and  breaks 
ip  into  bromine,  oxygen,  and  water  very  rapidly. 

Bromates  are  readily  decomposed  by  deoxidising  substances,  such 
18  sulphurous  and  phosphorous  acids,  sulphuretted  hydrogen,  &c., 
^ith  formation  of  sulphuric  and  phosphoric  acids,  sulphur  and  water, 
^nd  liberation  of  bromine.  A  mixture  of  potassium  bromide  and 
cremate,  when  acted  upon  by  dilute  acids,  is  decomposed  into 
>iX)mine  and  water,  thus : 

5KBr  +  KBrOg  +  6HC1  =  3Br,  +  3OH3  +  6KC1. 

The  weak  affinity  of  bromine  for  oxygen  is,  moreover,  rendered 
apparent  on  boiling  bromine  with  such  powerful  oxidising  agents 
*s  nitric  acid,  potassium  chlorate  or  manganate,  which  are  without 
Hition  upon  it. 

A  bromate  in  the  presence  of  a  chloi-ate  is  readily  distinguished 
^y  precipitation  with  AgNOg;  the  white  silver  bromate,  AgBrOg, 
Sves  off  bromine  on  being  treated  with  HCl.  The  residue  which 
^omates  and  chlorates  leave  on  ignition  may  also  be  tested  by 
^y  of  the  methods  described  under  hydrochloric  and  hydrobromic 
«iids. 

tjTDMODIC  ACID,  HI.— Iodides  (KI,  Nal,  Mgl,,  Cal,)  occur  in 
^- water,  in  the  ashes  of  marine  plants,  in  some  mineral  springs, 
K^d  in  Chili  saltpetre  and  some  borax  deposits,  from  which  substances 
^dine  is  obtained  by  processes  similar  to  those  employed  for  the 
^traction  of  bromine  from  bromides. 
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Veiy  little  HI  is  obtained  by  acting  on  an  iodide  with  H^O^, 
owing  to  the  ease  with  which  HI  becomes  oxidised  by  the  H^SO^. 
Phosphoric  acid  and  an  iodide  give  moi-e  HI. 

Dry  Reactions. 

Most  iodides  undergo  decomposition  when  heated  by  themselves, 
either  with  or  without  exclusion  of  air.  Some  few  give  off  iodine,  and 
leave  the  metals  ;  others  are  partially  decomposed,  giving  off  iodine 
and  leaving  an  oxide  of  the  metal.  The  alkali  iodides,  also  those 
of  silver  and  a  few  others,  can  be  heated  to  fusion  without  under- 
going any  decomposition.  Ignition  with  ammonium  chloride  converts 
iodides  only  partially  into  chlorides.  On  fusing  cupric  oxide  in  a 
bead  of  microcosmic  salt,  and  introducing  a  little  potassium  iodide 
into  the  bead  and  heating  in  the  inner  blowpipe  flame,  the  outer 
flame  becomes  of  a  fine  emerald-green  colour. 

Reactions  in  Solution. 

A  solution  of  potassium  iodide,  KI,  may  be  used. 

All  metallic  iodides  may  be  divided  into : 

Ist.  Iodides  insoluble  in  water,  such  as  Agl,  H^,!,,,  Hgl,,  Ou,I, 
(BiT,,  AUI3,  PtI,),  and  Pdl, ;  and 

2nd.  Iodides  soluble  in  water,  comprising  all  others.  The  iodides 
of  the  heavy  metals  are  less  soluble  than  the  corresponding  bromides 
or  chlorides. 

Some  elements,  the  chlorides  of  which  are  weU  known,  only  form 
iodine  compounds  with  great  difficulty — e,g.,  sulphur,  carbon. 

Soluble  iodides  may  be  examined  in  two  ways  : 

1st.  By  precipitation  or  conversion  of  the  soluble  into  insoluble 
iwlidep. 

AgNOg  gives  a  yellowish  white  precipitate  of  silver  iodide, 
Agl,  insoluble  in  dilute  nitric  acid,  almost  insoluble  in  ammonium  L 
hydroxide  (partial  distirction  between  HI  and  HCl),  soluble  in  ^ 
potassium  cyanide  or  KI,  or  NaCl  or  HOI  solutions.* 

Hg3(N03)3,  gives  a  yellowish  green  precipitate  of  mercurous  iodide, 
Hg^T^,  very  slightly  soluble  in  water,  insoluble  in  dilute  nitric  acid, 
soluble  in  potassium  iodide. 

HgClj  gives  a  beautiful  scarlet-red  precipitate  of  mercuric  iodide, 
Hglg,  little  soluble  in  water,  soluble  in  alcohol,  and  soluble  also  in 
excess  either  of  mercuric  chloride  or  of  potassium  iodide.  The  solutions 
are  colourless. 

Lead  acetate  gives  a  bright  yellow  precipitate  of  lead  iodide,  Pbl,, 
dissolving,  like  the  chloride,  in  hot  water  (120  parts),  to  a  colourlefiB 
solution,  from  which  it  crystallises  out,  on  cooling, in  beautiful  sbininf 
yellow  scales ;  soluble  in  dilute  nitric  acid. 

*  Agl  is  very  soluble  in  either  the  strong  haloid  acids  or  in  the  8fdta  d 
haloids,  especially  so  in  lithium  chloride  and  fluoride.  AgNO,  may  be  dropped 
into  strong  KI  solution  and  the  Agl  formed  observed  to  dissolve  imnrediaietf> 
Water  or  nitrio  acid  reprecipitates  Agl.  With  the  latter  some  AglO,  is  Ikmi 
to  be  formed. 
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Cu,SO^  (cuprous  sulphate),  obtained  by  treating  Cu80^  with  SO^, 
>r  adding  a  sulphite  or  ferrous  sulphate,  or  boiling  the  iodide  with 
IJuSO^  and  metallic  copper,  produces  a  dirty  white  precipitate  of 
juprous  iodide,  Cu^l^,  insoluble  in  water,  sparingly  soluble  in  HCl, 
>oluble  in  ammonium  salts  and  ammonium  hydroxide.  This  precipi- 
'fttte  is  of  particiUar  interest,  became  chlorides  and  bromides  camiot  he 
yrecipitated  in  like  manner,  and  because  it  serves  frequently  for  remov- 
vng  iodine  from  solutions  containing  chloi'ides  and  bromides. 

2nd.  ^y  liberating  iodine,  and  causing  the  iodine  vapour  to  act 
ipon  starch  paste.     This  may  be  effected  in  several  ways. 

On  mixing  a  dilute  solution  of  potassium  iodide  with  a  few  drops 
)f  hydrochloric  acid,  and  then  adding  a  drop  or  two  of  a  solution  of 
)otassium  nitrile,  iodine  is  instantly  liberated,  and  may  be  detected 
)y  the  yellowish  brown  tint  it  imparts  to  the  solution,  or,  better  still, 
>y  allowing  it  to  act  upon  a  freshly  prepared  solution  of  starch,  to 
^hich  it  imparts  a  fine  blue  colour.  This  is  one  of  the  most  delicate 
ests.  The  reaction  serves  equally  well  for  the  detection  of  HNO, 
which  see),  thus : 


2KI  +  2KN0,  +  4H01  =  I,  +  4K01  +  N,0,  +  20a 


r 


A  solution  containing  free  iodine  may  also  be  shaken  up  with  a 
ew  drops  of  carbon  disulphide,  which  dissolves  the  iodine,  assuming 
L  fine  violet  colour.  Ether  dissolves  iodine,  but  the  colour  which  is 
)roduced  resembles  ether  coloured  by  bromine. 

Bromine  or  chlorine  (or  what  amounts  to  the  same,  ClNaO  and 
3.C1,  or  metallic  peroxides  or  perchlorides,  e,g.,  BaO^,  PbOj,,  MnO^ 
md  HCl,  or  Fe,Clg  and  HCl),  liberate  iodine  from  iodides.  According 
»  the  quantity  of  iodide  employed,  the  iodine  separates  either  as  a 
)luish-black  powder,  or  it  merely  colours  the  solution  brown. 

The  methods  adopted  for  the  extraction  of  iodine  from  metallic 
odides  are  all  based  upon  the  expulsion  of  iodine  by  oxygen  (or  its 
equivalent  of  chlorine  or  bromine).  Iodine  is  obtained  by  distilling 
kn  iodide  with  an  oxidising  agent  and  sulphuric  acid,  e.g. : 

>KI  +  MnO,  +  2H,S0,  =  I,  +  MnSO,  +  K,SO,  f-  20H„  or 
5KI  +  K,Cr,0,  +  7H,S0,  =  31,  +  Cr,(S0,)3  +  4K,S0,  +  70H,. 

Concentrated  acids,  such  as  H^SO^,  or  HNO3,  decompose  iodides, 
vith  separation  of  bluish  black  scales  of  iodine  and  evolution  of  SO^ 
»r  lower  oxides  of  nitrogen,  thus : 

2KI  +  2H,S0,  =  I,  +  K^SO,  +  SO,  +  20II,. 
2KI  +  4HNO3  =  I,  +  2KNO3  +  N,0,  +  20H,. 

On  fusing  an  iodide  with  hydrogen  potassium  sulphate,  HKSO^, 
)dine  is  likewise  liberated,  thus : 

2KI  +  4KHS0,  =  3K,S0,  +  SO,  +  I,  +  20H,. 

On  examining  for  traces  of  iodine  in  aqueous  solutions  by  the 
jtion  of  chlorine,  excess  should  bo  carefully  avoided,  as  the  iodine 
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may  be  oxidised  by  the  chlorine  to  colourless  iodic  acid,  which  does 
not  give  the  blue  colour  with  starch,  or  the  violet  colour  to  the  carbon 
disulphide  solution.  Previous  to  this  a  trichloride  of  iodine,  ICI3,  is 
very  likely  formed.  The  blue  colour  of  iodide  of  starch  is  destroyed 
by  various  reducing  agents,  such  as  SO,,  SH^,  AS3O3,  SnCl,,  HgjCl 
and  HgCl,.  Alkalies  also  destroy  the  colour,  but  it  reappears  on 
acidification.     The  colour  does  not  show  so  well  in  hot  solutions. 

The  destruction  of  the  blue  colour  of  iodide  of  stai-ch  by  various 
reducing  agents  is  due  to  the  decomposition  of  water  by  the  iodine, 
with  formation  of  HI,  the  oxygen  being  transferred  to  the  reducing 
agent,  thus : 

11,803  (a  dilute  solution)  +  I^  +  OH,  =  H,SO,  +  2HI. 

SH,         +  I,  =  2HI  +  S. 

H3ASO3   +  I,  +  OH,  =  2HI  +  H,AsO,. 

Hydriodic  acid  solution  is  usually  prepared  by  acting  upon  iodine 
suspended  in  water  (or  dissolved  in  hydriodic  acid),  with  a  current 
of  SH,.  Sulphur  separates  and  is  removed  by  filtration,  and  the 
solution  of  hydriodic  acid  concenti-ated  by  distillation.  This  solution 
absorbs  oxygen  from  the  air,  water  being  formed  and  iodine  liberated, 
which  dissolves  in  the  undecomposed  hydriodic  acid  and  imparts  a 
brown  colour  to  the  liquid. 

Gaseous  HI  is  best  obtained  by  the  decomposition  of  PI3  by 
water.  PI3  is  made  by  dropping  iodine  crystals  on  to  dry  phosphorus, 
either  a  or  /3,  preferably  the  latter,  as  it  can  be  dried  in  an  oven; 
PI3  is  formed  on  very  gently  warming.  This  may  be  made  in  a  flask 
or  test-tube  fitted  with  cork  and  tube  (see  ante),  and  a  dropping 
funnel  containing  water.  An  excess  of  phosphorus  should  be  present. 
HI  is  a  very  heavy  gas,  and  fumes  more  strongly  than  HBr  or 
HCl  in  moist  air.  The  tube  in  which  it  is  collected  must  be  very 
thoroughly  dried.  Phosphonium  iodide,  PH3HI,  is  formed  as  an 
intermediate  product,  and  is  decomposed  by  water,  sometimes  with 
explosive  violence.  Perform  the  same  series  of  experiments  with  HI 
as  with  HCl. 

The  few  insoluble  iodides  may  be  fused  with  alkali  carbonates, 
or  in  the  case  of  Agl  and  Pbl,  decomposed  by  means  of  metallic 
zinc.  The  aqueous  extract  is  examined  for  iodine,  and  the  residue 
for  the  metal. 

IODIC  ACID,  HIO3. — Potassium  iodate  is  obtained,  like  the  corre- 
sponding chlorate  and  bromate,  by  dissolving  iodine  in  hot  potassium 
hydroxide.  The  iodate  crystallises  out  first,  being  much  less  soluble 
than  KI.  The  free  acid  can  be  prepared  by  decomposing  barium 
iodate  with  sulphuric  acid,  thus  : 


Ba(I03),  +  H,SO,  =  2HIO3  +  BaSO. 


4* 


Iodic  acid  is  best  obtained  by  the  action  of  strong  boiling  nitric 
acid  upon  iodine,  or  by  passing  chlorine  through  iodine  suspended  m 
water  or  dissolved  in  an  alkali  iodide.     This  product  is  not  pure. 
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In  addition  to  HIO3,  there  are  some  higher  oxidation  products  and 
the  anhydride,  IgOg. 

lodates  are  said  to  exist  in  sea-water. 

Dry  Reactions. 

All  iodates  are  decomposed  upon  ignition,  some  breaking  up  into 
an  iodide,  with  evolution  of  oxygen  ;  others  into  metallic  oxides, 
iodine  and  oxygen  being  expelled.  When  heated  with  charcoal  they 
explode  less  violently  than  chlorates  or  bromates. 

Reaetions  in  Solution. 

A  solution  of  potassium  iodate,  KIO3  ^^  used. 

BaOlg  gives  a  white  precipitate  of  barium  iodate,  nearly  insoluble 
in  water  and  difficultly  soluble  in  dilute  nitric  acid. 

AgNOg  produces  a  white  crystalline  precipitate  of  silver  iodate, 
sparingly  soluble  in  water  and  in  dilute  nitric  acid,  readily  soluble 
in  ammonium  hydroxide  (distinction  from  HI).  On  the  addition  of 
a  reducing  agent,  e.g.,  SO^,  to  the  clear  ammoniacal  solution  of  silver 
iodate  a  yellowish  precipitate  of  Agl  is  obtained,  thus  : 

Agio,  +  3H,S03  =  Agl  +  3H,S0,. 

Potassium  iodate  is  decomposed  by  SH2,  with  formation  of  potas- 
sium iodide  and  sulphuric  acid,  and  precipitation  of  sulphur;  by 
HjSOj,  with  separation  of  iodine,  which  (by  the  decomposition  of 
water)  is  converted  into  hydriodic  acid. 

An  iodate  and  iodide  act  upon  each  other  in  the  presence  of 
weak  acids  (e.g,,  acetic  acid),  with  liberation  of  iodine.  Traces  of  an 
iodate  in  potassium  iodide  can,  therefore,  be  detected  by  means  of 
the  starch  reaction.* 

lodates  which  give  off  iodine  when  they  come  in  contact  with 
various  reducing  agents,  e.g.,  SO^,  Na2S203,  SnCl^,  differ,  however,  in 
a  marked  manner  from  chlorates  and  bromates  by  remaining  unacted 
upon  by  concentrated  sulphuric  acid,  unless  the  action  be  assisted  by 
deoxidising  agents,  such  as  ferrous  salts,  &c. 

HYDROFLUORIC  ACID,  HF.— Fluorine  minerals,  as  CaF,, 
AI,Fg(NaF)g,  yield  HF  by  the  action  of  strong  acids  (sulphuric, 
phosphoric).  No  compound  of  F  and  O  alone  is  known,  although 
some  metallic  oxides  form  with  it  oxyfluorides. 

Dry  Reactions. 

Heated  out  of  contact  with  the  air,  most  fluorides  melt,  but 
otherwise  remain  unchanged.  Volatile  fluorides  can  be  distilled ; 
but  when  heated  in  a  moist  atmosphere,  or  if  water  be  added,  they 
are  decomposed  into  oxides  (oxyfluorides)  and  hydrofluoric  acid.  The 
changes  which  fluorides  undergo  in  the  dry  way  are  of  two  kinds. 

1st.  The  fluoride  gives  off  hydrofluoric  acid  gas,  which  corrodes 

•  Commercial  KI  almost  invariably  contains  some  iodate.     Before  using 
it  should  be  melted,  either  alone  or,  better,  with  a  little  charcoal  or  sugar. 
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glass. —  By  heating  a  fluoride  containing  water  in  a  piece  of  combus- 
tion tubing,  open  at  both  ends,  before  the  blowpipe,  the  glass  around 
the  fluoride  is  attacked.  The  experiment  may  be  carried  out  also  by 
mixing  a  little  microcosmic  salt  with  the  fluoride. 

By  heating  a  mixture  of  a  fluoride  with  hydrogen  potassium  sul- 
phate HF  is  disengnged,  thus  : 

CaF,  +  2KHS0,  =  CaSO,  +  KSO,  +  2HF. 

If  the  operation  is  done  in  a  test-tube  the  gas  corrodes  the  upper 
part  of  the  tube  on  account  of  its  action  upon  the  silica  of  the  glass, 
with  which  it  forms  a  gaseous  compound,  silicon  fluoride,  SiF^, 
thus  :    1HF  +  SiO,  =  SiF,  +  20H,.    (See  "  Fluorine.") 

2nd.  The  fluoride  is  decomposed  by  hydrogen  potassium  sulphate 
in  the  presence  of  a  borate,  with  formation  of  volatile  boron  fluoride, 
BF3. — By  heating  a  mixture  *  of  powdered  hydrogen  potassium  sul- 
phate and  fused  borax  with  the  finely- powdered  fluoride,  on  the  loop 


Fig 


of  a  platinum  wire,  in  the  clear  flame  of  a  Bunsen  gas  lamp,  boron 
fluoride  is  disengaged,  imparting  a  bfeautiful  yellowish  green  colour 
to  the  flame,  i^ut  this  is  useless  as  indicating  the  presence  of  HF 
unless  cjire  is  taken  to  distinguish  between  it  and  the  colour  given 
to  the  flame  by  tiie  acid  and  borax  alone. 

Reactions  in  Solution. 

Employ  a  solution  of  an  alkali  fluoride. 

Most  metallic  fluorides  are  solid ;  others,  again,  such  as  the 
fluorides  of  the  metals  whose  higher  oxides  possess  acid  properties-"; 
form  volatile,  fuming,  highly  corrosive  liquids,  or  are  gaseous  at  the 
ordinary  temperature.  Non-metallic  elements  form  gaseous  or  liquid 
fluorides. 

Fluorides  are  either  soluble  in  water  and  more  or  less  crystalline? 
such  as  KF,  NaF„  NH,F,  AgF,  SnF„  Fe.Fg,  HgF„  Al.Fg,  or  in- 
soluble or  very  sparingly  soluble  in  water,  and  amorphous  wbei^ 
obtained  by  precipitation— e.f/.,  CaF^,  BaF,,  PbF^,  ZnF^,  CuF^. 

The  reactions  which  a  soluble  fluoride  gives  by  double  decomposi' 

*  10  mol.  of  KHSO4  (  =  10  X 136). 
3mol.  of  CaFa  (=  3  x  78). 
1  mol.  of  B407Na.^        202. 
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i;ioii  with  solutions  of  salts  whose  metals  form  insoluble  fluorides  are 
not  very  characteristic. 

BaCl,  produces  a  bulky  white  precipitate  of  barium  fluoride, 
BaF„  soluble  in  hydrochloric  acid,  and  in  much  ammonium  chloride. 
OaOlj  (or  Oa(HO)j)  gives  a  gelatinous  translucent  precipitate  of 
calcium  fluoride,  OaF,,  which  becomes  more  marked  by  the  addition 
of  ammonium  hydroxide.  OaFj,  is  slightly  soluble  in  cold  hydro- 
chloric or  nitric  acid,  more  soluble  in  boiling  hydrochloric  acid,  less 
soluble  in  acetic  acid,  insoluble  in  free  hydrofluoric  acid,  soluble  to 
some  extent  in  ammonium  chloride. 

AgNGj  produces  no  precipitate.  (Distinction  between  HF  and 
HOI.) 

It  is  preferable  to  test  for  HF  by  the  reactions  based  upon  the 
formation  of  gaseous  SiF^  or  BF3. 

All  fluorides  (soluble  or  insoluble)  are  decomposed  on  heating 
with  concentrated  sulphuric  acid,  with  disengagement  of  HF,  a 
metallic  sulphate  being  left,  thus  :  CaF,  +  H,SO,  =  2HF  +  CaSO,. 

The  preparation  of  hydrofluoric  acid  is  best  performed  by  treating 
the  fluoride  with  sulphuric  acid  in  a  small  leaden  cup  heated  over  a 
water-bath  (Fig.  94),  and  connected  with  a  leaden  U  tube,  sur- 
rounded with  ice,  for  the  condensation  of  the  acid. 

Hydrofluoric  acid  gas  is  highly  corrosive,  and  should  not  be 
inhaled.  If  it  come  in  contact  with  silica  (e.^.,  in  glass),  SiF^  is 
formed,  and  the  glass  becomes  corroded  or  etched. 

Its  reaction  upon  glass  may  be  shown  also  by  covering  a  platinum 
crucible  containing  a  little  finely  powdered  fluoride  and  concentrated 
sulphuric  acid  with  a  piece  of  glass,  e.g.^  a  watch-glass.  The  vapour 
of  the  evolved  hydrofluoric  acid  corrodes  the  glass.  The  action  of 
the  hydrofluoric  acid  becomes  apparent  when  the  glass  is  covered 
with  a  thin  layer  of  melted  wax,  and  some  design  scratched  on  the 
waxed  side  with  a  pointed  instrument.  The  gas  acts  upon  the 
unprotected  portion  of  the  glass.  The  design  will  be  found  etched 
more  or  less  deeply  into  the  glass,  after  the  removal  of  the  wax. 
Mere  traces  of  a  fluoride  are  thus  detected,  and  as  no  other  sub- 
stance attacks  glass  similarly  the  reaction  is  perfectly  characteristic 
for  hydrofluoric  acid.  It  should  be  remembered,  however,  that  the 
softer  kinds  of  glass  are  liable  to  be  corroded  by  the  vapour  of 
ordinary  acids  alone.  In  doubtful  cases,  therefore,  it  is  preferable 
to  employ  a  glass  bulb  blown  out  of  combustion  glass,  or  else  a  plate 
of  rock-crystal. 

If  the  fluoride  contains  much  silica,  sulphuric  acid  disengages 
silicon  fluoride  instead  of  hydrofluoric  acid,  which  does  not  attack 
glass ;  but  when  passed  into  water — best  by  letting  the  delivery 
tube  dip  into  a  little  mercury  under  the  water  to  keep  the  tube 
opening  clear — it  is  decomposed  into  bydrofluosilicic  acid  and  into 
Si(HO)„  thus :  8SiF,  +  40H,  =  Si(HO),  +  2(2HF,SiF,). 

This  reaction  is  employed  for  detecting  fluorine  in  silicates,  or  if 
applied  to  fluorides  which  are  free  from  silica  some  finely  powdered 
quartz  or  glass  is  first  mixed  with  the  fluoiide  before  treating  it  with 
sulphuric  acid. 
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Tlie  experiment  may  be  performed  in  a  glass  flask  or  small  stone- 
ware bottle,  provided  with  a  wide  delivery  tube,  which  dips  under 
mercury  contained  in  a  small  porcelain  cup  at  the  bottom  of  a  beaker 
or  glass  cylinder.  Care  should  be  taken  that  the  inside  of  the 
delivery  tube  remains  perfectly  dry  when  the  receiving  vessel  is 
filled  with  water.  A  mixture  of  one  part  by  weight  of  finely 
powdered  fluor  spar,  and  one  by  weight  of  fine  sand  is  introduced 
into  the  glass  or  stoneware  vessel.  Seven  to  eight  parts  by  weight 
of  oil  of  vitriol  are  added,  and  the  whole  shaken  gently  together  and 
heated  upon  a  sand-bath.  Each  bubble  of  the  evolved  SiF^,  on 
passing  through  the  water,  is  decomposed,  with  separation  of  gela- 
tinous silica,  which  after  a  time  fills  the  water  in  the  form  of  a  dense 
jelly.  The  silica  is  separated  by  straining  through  a  cloth  from  the 
hydrofluosilicic  acid,  which  may  be  returned  to  the  glass  cylinder, 
and  a  fresh  quantity  of  SiF^  passed  through,  till  the  acid  solution 
has  become  suHiciently  concentrated. 

Silicates  containing  fluorides  which  are  not  decomposed  by  sul- 
phuric acid  are  fused  with  four  parts  of  fusion  mixture.  The  fused 
mass  is  extracted  with  water  and  filtered.  The  filtrate  contains  the 
fluorine  in  the  form  of  alkali  fluorides  together  with  the  alkali 
silicates.  On  slightly  acidulating  with  dilute  hydrochloric  acid  to 
decompose  the  excess  of  alkali  carbonates,  and  then  digesting  with 
ammonium  hydroxide,  Si(IIO)^  is  precipitated,  which  can  be  filtered 
ott*,  leiiving  the  alkali  fluoride.  On  adding  Ca(HO)g  cr  CaClj,  and 
digesting  at  a  gentle  heat,  a  gelatinous  precipitate  of  CaF^  is  obtained, 
which  is  filtered  off,  dried,  and  examined.  If  phosphoric  acid  be 
present  the  precipitate  contains  CajP^Og,  as  well  as  CaF^,  which 
does  not,  however,  interfere  with  the  disengagement  of  hydrofluoric 
acid  gas. 

Insoluble  fluorides,  e.(/.,  CaF^,  are  not  completely  decomposed  by 
fusion  with  alkaline  carbonates  unless  SiO,  be  present. 

HYDROFLUOSILICIC  ACID,  2HF,SiF,,~0btained  by  passing 
silicon  fluoride  into  water  and  separating  the  precipitated  silica  by 
filtration. 

It  forms  salts,  called  silicofluorides,  or  fluosilicates,  on  acting  upoi^ 
metallic  oxides,  hydrates,  or  metals,  such  as  Fe  or  Zn  (these  hti^^ 
with  evolution  of  hydrogen),  of  which  the  potassium  and  bariuJ^ 
silicofluorides  are  insoluble. 

Dry  Reactions. 

Silicofluorides  are  decomposed  by  heat  into  fluorides  and  silico^ 
fluoride. 

Reactions  in  Solution. 

A  solution  of  the  acid  may  be  employed. 

On  evaporating  a  solution  of  hydrofluosilicic  acid  it  volatilisefe?^ 
and  is  decomposed  into  SiF^  and  2HF.  The  acid  ought  not,  there?' 
fore,  to  be  heated  in  a  glass  vessel. 
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A  few  silicofluorides,  2KF,SiF„  2NaF,SiF,,  BaF„SiF„*  are  diffi- 
cultly soluble  in  water,  and  are  quite  insoluble  in  alcohol.  Most 
other  metallic  silicofluorides  are  readily  soluble  in  water. 

BaOlj  precipitates  translucent  crystalline  barium  silicofluoride, 
BaFjjSiF^,  which  falls  out  very  readily.  The  precipitation  is  complete 
on  the  addition  of  an  equal  volume  of  alcohol.  Strontium  is  not 
precipitated.     (Distinction  between  barium  and  strontium.) 

KOI  gives  a  translucent  gelatinous  precipitate  of  potassium  silico- 
fluoride, 2KF,SiF,. 

NH.OH  separates  Si(HO),  and  forms  NH,F. 

On  heating  a  metallic  silicofluoride  with  concentrated  sulphuric 
acid  hydrofluoric  acid  is  evolved. 

PHOSPHORIC  ACID,  HgPO^.— This  acid  is  never  met  with  in 
the  free  state  in  nature,  but  in  combination  with  bases,  such  as 
CaO,  MgO,  AljfOg  FeO,  Fe^Og,  PbO,  as  bone-ash,  sombrerite, 
coprolite,  apatite,  wagnerite,  wavellite,  vivianite,  pyromorphite,  &c. 

Dry  Reactions. 

Most  anhydrous  metallic  phosphates,t  when  mixed  with  dry 
sodium  carbonate  and  carbon,  or  black  flux,  or  heated  together  with 
metallic  sodium  or  magnesium  in  a  narrow  ignition  tube,  yield  phos- 
phides of  these  metals,  recognisable  by  the  odour  of  PH3,  which  is 
given  off  when  they  are  moistened  with  water. 

Normal  phosphates  of  fixed  bases  are  not  decomposed  upon 
ignition.  Mono-  and  di-hydrogen  normal  phosphates  lose  water,  and 
are  converted  into  pyro-  and  metaphosphate-s,  thus  : 

(1)  2Na,HP0,  =  Na.Pp,  +  OH,. 

Sodium 
pyrophosphate. 

(2)  NaH,PO,  =  NaP03  4-  OH,. 

Sodium 
metaphosphate. 

Fusion  with  caustic  or  carbonated  alkalies  converts  pyro-  and 

*  The  formulsB  of  these  double  fluorides  may  be  written  on  the  same  type 
as  the  double  chlorides,  although,  as  yet,  any  absolute  proof  of  "ring"  or 
cycloid  grouping  is  wanting. 

Na 


/'-l\ 

1      1  \ 

F-Si— f\ 

or 

F— Si— F 

Ly  \ 

\L. 

— -^ 

\ 

Ba 

Na 

f  Many  phosphates  of  the  heavier  metals  as  nickel,  copper,  &c.,  when 
heated  to  a  high  temperature  with  carbon  in  a  closed  crucible,  yield  ])hos- 
phides  which,  as  a  rule,  are  fusible  at  higli  temperatures,  such  as  800""  to 
1000°  C.  Zinc  phosphide  vapourises  at  about  800°  C.,  but  most  other  metallic 
phosphides  are  fixed  at  that  temperature. 
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metaphosphates  into  normal  or  orthophospbates.     Boiling  with  acids 
also  effects  this  conversion. 

Alkaline  earthy  phosphates  are  only  partially  decomposed  by 
fusion  with  alkali  carbonates ;  most  others,  e.g.,  magnesium,  ferric, 
zinc,  nickel,  manganous,  cupric  phosphates  are  completely  decom- 
posed. The  residue  contains  trisodium  and  tripotassium  phosphates. 
AlgPjjOg  can  only  be  decomposed  by  fusion  with  silica  or  sodium 
silicate  (water  glass)  and  fusion  mixture,*  being  converted  into 
sodium  aluminium  silicate  and  trisodium  phosphate.  (Com p. 
"Aluminium  Compounds.") 

Reactions  in  Solution. 

Employ  a  solution  of  hydrogen  disodium  phosphate,  HNa,PO^. 

Phosphates  may  be  divided  into  : 

1st.  Phosphates  which  are  soluble  in  water,  comprising  the 
alkali  phosphates  only ;  their  solutions  react  alkaline ;  and 

2nd.  Phosphates  which  are  insoluble  in  water,  but  soluble  in 
mineral  acids  (some  also  in  acetic  acid),  comprising  all  other  metallic 
phosphates. 

The  following  are  some  of  the  more  important  reactions  by  double 
decomposition ; 

BaCljj  yields  a  white  precipitate  of  hydrogen  barium  phosphate, 
BaHPO^,  diflScultly  soluble  in  ammonium  chloride,  soluble  in  nitric 
or  hydrochloric  acid. 

CaClj,  or  CaSO^  produces  a  white  precipitate  of  calcium  phosphate, 
CugPjjOg,  readily  soluble  in  mineral  acids ;  soluble  in  acetic  acid,  when 
freshly  precipitated  ;  slightly  soluble  in  ammonium  chloride. 

In  dilute  solutions  of  phosphates,  Na^HPO^,  for  instance,  calcium 
chloride  sometimes  fails  to  produce  a  precipitate.    This  may  be  due  s 

to  the  slight  decomposition  of  calcium  chloride  in  solution  in  water  - 

into  calcium  oxychloride  and  HCl,  which  retains  the  calcium  phos-  — 
phate  in  solution  ;  or  to  the  formation  of  an  acid  calcium  phosphate,  .^, 
CaHPO^,  Addition  of  ammonium  hydroxide  brings  down  the  pre-  — 
cipitate  CagP^Og  in  all  cases. 

MgSO^  (or,  better  still,  MgCy,  in  the  presence  of  ammonium     -^3 

chloride  and  hydroxide  produces  a  white,  crystalline,  quickly  sub-    

siding  precipitate  of  ammonium  magnesium  phosphate,  NH^MgPO^  ^  ^^ 
-f  6 Aq,  insoluble  in  ammonium  hydroxide,  readily  soluble  in  acids,  .^^  •«, 

even  acetic  acid.      A  dilute  solution  of  a  phosphate  is  only  pre '- 

cipitated  after  some  time.     The  precipitation  is  promoted  by  stirring^^^ 
and  allowing  the  liquid  to  stand  in  a  warm  place,  when  the  predpitate^si^* 
is  seen  to  adhere,  in  the  form  of  white  streaks,  to  those  parts  of  them:^ 
glass  vessel  which  have  been  touched  by  the  glass  rod.     Arsenic  acid^^^ 
gives  a  similar  precipitate. 

AgNOg  gives  a   light  yellow   precipitate  of  silver  phosphate^    -j 
AggPO^,  soluble  in  ammonium  hydroxide  and  in  nitric  acid. 

Lead  acetate   pioduces  a  white  precipitate  of  lead  phosphat^^^ 
PbjPjjOj^,  readily  soluble  in  nitric  acid,  almost  insoluble  in  acetic  adcS^         i 

*  One  part  of  SiO.^.  together  with  six  parts  of  fusion  miztare. 
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as  well  as  ammonium  hydroxide.  If  fcbe  precipitate  is  fused  before 
the  blowpipe  on  charcoal,  the  bead  appears  crystalline  on  cooling ; 
no  reduction  to  the  metallic  state  takes  place. 

FejClg  gives  fa  yellowish  white  gelatinous  precipitate  of  ferric 
phosphate,  Fe,PjOg,  soluble  in  hydrochloric  acid.  The  precipitate  is 
somewhat  soluble  in  excess  of  fernc  chloride. 

When  phosphoric  acid  has  to  be  removed  from  a  phosphate  dis- 
solved in  hydrochloric  acid — e,g,,  from  the  alkaline  earthy  phosphate 
CajPjOg — the  free  acid  is  nearly  neutralised  and  then  sodium  acetate 
is  added,  which  by  double  decomposition  with  the  free  hydrochloric 
acid  forms  sodium  chloiide  and  free  acetic  acid,  in  which  the  preci- 
pitate, produced  by  a  slight  excess  of  ferric  chloride,  is  insoluble. 
The  mixture  is  heated  nearly  to  boiling ;  a  reddish  brown  precipitate 
is  obtained,  which  contains  the  whole  of  the  phosphoric  acid,  together 
with  some  basic  ferric  acetate.  It  must  be  filtered  hot,  and  washed 
with  hot  water ;  the  filtrate  contains  the  alkaline  earthy  bases  as 
chlorides. 

Small  quantities  of  phosphoric  acid,  in  the  presence  of  large 
amounts  of  a  ferric  salt,  such  as  are  met  with  in  solutions  of  iron 
ores,  of  pig-iron,  steel,  &c.,  are  best  removed  by  first  reducing  the 
ferric  to  ferrous  salt  by  boiling  with  svlphurous  acid,  nearly  neutral- 
ising with  sodium  carbonate,  and  lastly  adding  sodium  acetate  and 
a  few  drops  of  ferric  chloride  (or  by  reoxidising  a  small  portion  of 
"the  ferrous  salt  by  the  addition  of  a  little  chlorine  water,  or  a  drop 
or  two  of  bromine  water).  The  phosphoric  acid  is  precipitated  on 
^varming.  Loss  arising  from  the  solvent  action  of  ferric  acetate 
is  avoided,  as  ferrous  acetate  does  not  dissolve  ferric  phosphate. 

H3ASO4  exhibits  with  ferric  chloiide  a  similar  reaction,  and  has 
therefore  to  b©  separated  from  an  acid  solution,  by  reduction  with 
sulphurous  acid  and  precipitation  by  a  curreut  of  SH^  gas. 

Small  amounts  of  phosphorus  (usually  found  in  soils  as  phos- 
phoric acid),  in  iron  ores,  pig-iron,  steel,  copper,  &c.,  may  also  be 
precipitated,  after  dissolving  the  ore  or  metal  in  hydrochloric  and 
nitric  acids,  whereby  the  phosphorus  is  converted  into  HgPO^,  and, 
after  driving  off  the  excess  of  acids  by  evaporation  and  taking  up 
the  residue  with  concentrated  nitric  acid,  by  adding  a  solution  of 
ammonium  molybdate  and  concentrated  nitric  acid  (silicic  acid 
is  separated  by  evaporation  to  dryness ;  and  arsenic  acid,  if  present, 
should  be  first  removed  by  sulphuretted  hydrogen).  On  digesting 
the  solution  at  a  gentle  heat  (60°  0.)  (for  some  hours  is  neces- 
sary), a  bright  yellow  precipitate  of  ammonium  phospho-molybdate 
is  obtained.  The  constitution  of  this  precipitate  is  somewhat  com- 
plicated ;  it  contains  molybdic  acid,  ammonia,  and  phosphoric  acid, 
M0O3,  9^*7  p.c. ;  P,0„  3-1  p.c. ;  (NH,),0,  3-6  p.c. ;  and  OH,,  26  p.c. 
after  drying  at  100°  0.  By  washing  the  yellow  precipitate  with  a 
solution  of  ammonium  molybdate,  and  lastly  with  a  solution  of 
ammonium  nitrate,  and  then  dissolving  it  in  ammonium  hydroxide, 
filtering,  and  adding  NH^Cl,  NH^OH,  and  MgSO^,  the  phosphoric 
acid  is  obtained  as  NH^MgPO^  (see  ante). 

White  of  egg  (albumen)  is  not  coagulated  by  tribasic  phosphoric 
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acid,  nor  by  a  solution  of  an  orthophosphate  acidulated  with  acetic 
acid. 

PYROPHOSPHORIC  ACID,  H,P,Oy.— Pyrophosphates  are  obtained 
by  heating  monhydric  phosphates.  They  are  of  little  importance, 
however,  since  they  are  not  usually  met  with  in  natural  compounds, 
and  as  they  are  speedily  hydrolysed  by  the  action  of  acids  and  alkalies 
into  tribasic  phosphates. 

Reactions  in  Solution. 

Employ  a  solution  of  sodium  pyrophosphate,  Na^P^O^. 

Alkali  pyrophosphates  are  soluble  in  water. 

All  others  are  insoluble  in  water,  but  soluble  in  dilute  acids. 

The  presence  of  a  soluble  pyrophosphate  is  indicated  on  adding 
AgNO^,  which  gives  a  white  precipitate  of  silver  pyrophosphate, 
Ag^P^Op  soluble  in  nitric  acid  or  ammonium  hydroxide. 

Albumen  is  not  coagulated  by  the  free  acid,  nor  by  an  acetic  acid 
solution  of  a  pyrophosphate. 

(NHJjjMoO^  (ammonium  molybdate)  does  not  give  a  precipitate 
until  by  the  action  of  mineral  acids  the  pyrophosphate  has  been  con- 
verted into  a  normal  phosphate. 

METAPHOSPHORIC  ACID,  HPO3,  is  distinguished  from  the  tetra- 
and  tribasic  acid  as  follows  : 

Albumen  gives  an  abundant  white  precipitate  with  the  free  acicl 
and  with  soluble  metaphosphates  on  the  addition  of  acetic  acid. 

Magnesia  mixture  fails  to  precipitate  soluble  metaphosphates. 

AgNO.,  produces  a  white  precipitate  of  silver  metaphosphate. 

In  the  ordinary  course  of  analysis  both  pyro-  and  metaphosphate^ 
are  converted  into  normal  phosphates,  and  their  tetrabasic and  mono- 
basic nature  is  lost  sight  of.     They  can,  therefore,  only  be  detect^<3L 
by  special  experiments. 

PHOSPHOROUS  ACID,  H3PO3  (dibasic).— Phosphorous  anhydricL^., 
P^Oj,  is  obtained  by  the  slow  oxidation  of  phosphorus  on  exposii.3C-^ 
to  dry  air  at  the  ordinary  temperature.  By  combining  with  wat^^^«^ 
it  forms  a  very  weak  acid.     With  bases  it  forms  phosphites. 

Dry  Reactions. 

Heated  by  themselves  on  platinum  foil,  phosphites  are  decoiac"-" 
posed,  burning  with  a  bright  flame.  Heated  in  a  retort,  they  evolv^^ 
hydrogen,  mixed  towards  the  end  of  the  decomposition  with  PH3,  e^r:^^ 
are  converted  into  phosphates 

Reactions  in  Solution. 

A  solution  of  hydrogen  sodium  phosphite,    HNa^POj,  may   t>^ 
employed. 

Alkali  phosphites  are  soluble  in  water. 

All  other  phosphites  are,  for  the  most  part,  difficultly  soluble  or 
insoluble  in  water,  but  soluble  in  acetic  acid  (lead  phosphite  excepted^- 
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ZFhosphites  (as  well  as  hypophosphites)  are  of  interest,  mainly  on 
.snccount  of  the  powerful  reducing  action  which  they  exert  upon  salts 
^Df  various  metallic  oxides,  capable  of  forming  lower  oxides,  or  of 
^eing  reduced  to  the  metallic  state,  as  well  as  upon  the  lower  oxides, 
^c,  of  metalloids,  e.g.,  SOg. 

AgNOj  is  reduced  thereby  to  metallic  silver,  especially  in  the 
3)resence  of  ammonium  hydroxide  and  on  the  application  of  a  gentle 
Zheat. 

HgClg  and  ^gjil^O^^  are  reduced  to  Hg^Cl^  and  metallic  mercury. 
SOg  forms  a  phosphite,  with  liberation  of  sulphur  and  evolution 
of  SH,. 

If  a  phosphite  be  mixed  with  zinc  and  dilute  HCl,  a  mixture  of 
liydrogen  and  PH3  is  evolved,  which  fumes  in  the  air  and  burns  with 
^n  emerald-green  colour.  On  passing  the  gases  through  a  solution 
^f  silver  nitrate  a  precipitate  of  silver  phosphide  and  metal  is 
obtained. 

The  difficultly  soluble  phosphites  of  Ba,  Oa,  Pb,  &c.,  are  obtained 
l)y  double  decomposition,  the  latter  salt  being  insoluble  in  acetic 
^WJid. 

BYPOPHOSPHOROUS  ACID,  H.H.PO,  (monobasic).— Obtained 
Tby  the  action  of  alkalies  or  hydroxides  of  the  alkaline  earthy  bases 
iipon  a-phosphorus  and  water. 

P,  +  30H,  +  3KH0  =  3(KH,P0,)  +  PH3. 

l>i:»y  Reactions. 

Hypophosphites  are  decomposed  upon  ignition  into  pyrophos- 
phates and  PH3 :  4KH,P0,  =  K,P,0.  +  2PH3  +  OH,. 

^oactions  in  Solution. 

A  solution  of  potassium  hypophosphite  may  be  employed. 

All  hypophosphites  are  soluble  in  water.  They  constitute  even 
ttxore  powerful  reducing  agents  than  the  phosphites. 

Nitric  acid  or  chlorine  water  changes  them  into  phosphates. 

HgSO^  is  reduced  to  H^SO,,  partly  even  to  sulphur. 

CuSO^  is  reduced  to  metallic  copper  or  cupric  hydride,  CuH^,. 

HgClg  is  reduced  to  Hg^Cl^,,  and  then  to  mercury. 

AuOlg  and  AgNOg  yield  the  metals. 

Zn +  H2SO4  (nascent  hydrogen)  yield  H^,  and  PH3. 

In  the  ordinary  course  of  analysis  both  phosphorous  and  hypo- 
pbosphorous  acids  are  converted  into  phosphoric  acid,  and  they  must 
therefore  be  identified  by  the  special  reactions  just  described. 

Their  soluble  salts  will  act  as  photographic  developers,  but  are 
inconvenient  substances  to  obtain  and  work  with. 

SILICIC  ACID  (H^SiOJ  (?).— Silicic  anhydride  or  silica,  SiO^,  occurs 
*n  nature  both  in  a  crystalline  and  amorphous  condition,  either  in 
^he  free  or  combined  state.  Quartz  and  rock-crystal  are  composed 
^*  almost  pure  crystalline  silica.     Opal,  hyalite,  and  some   other 


288  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

minerals  consist  of  amorphous  silica,  and  are  probably  derived  from 
silicon  hydrates  by  a  pixxiess  of  slow  dehydration.  Other  silicious 
bodies,  such  as  chalcedony,  agate,  flint,  are  principally  composed  of 
amorphous  silica,  or  of  a  mixture  of  the  two. 

The  compounds  of  silica  with  bases,  especially  with  OK^,  ONa,, 
CaO,  MgO,  A1,0„  FeO,  MnO,  are  exceedingly  numerous^  and  vary  to 
a  very  great  extent  in  their  constitution  and  properties. 

Dry  Reactions. 

Both  varieties  of  silica  are  characterised  by  their  infusibility 
when  heated  by  themselves  before  the  blowpipe,  or  in  a  bead  of 
microcosmic  salt.  Pure  silica  fuses  with  sodium  carbonate  to  a  clear 
glass,  which,  if  sufficient  silica  has  been  used,  remains  transpai'ent 
on  cooling.  Silicates  rich  in  silica  behave  like  pure  silica.  .  If  a 
fragment  of  a  silicate  is  heated  with  microcosmic  salt,  its  base  or 
bases  are  dissolved,  while  the  silica  is  seen  to  float  about  in  the  liquid 
phosphate  bead  as  a  silica  skeleton.  Silicates  containing  coloured 
oxides  give  rise  to  opalescent  beads  in  which  the  SiO,  can  be  distin- 
guished only  with  difficulty. 

When  silica,  or  a  silicate  rich  in  silica,  is  heated  on  platinum  wire 
before  the  blowpipe  with  sodium  carbonate,  the  SiO,  displaces  the 
CO,,  and  forms  a  clear  glass  of  sodium  silicate.  The  alkali  carbonate 
should  not  be  employed  in  excess.  Calcium  and  magnesium  silicates 
do  not  dissolve  to  a  clear  bead  as  a  rule. 

Beyond  identifying  silica  and  obtaining  a  general  knowledge  of 
the  nature  of  any  silicate  under  examination,  respecting  its  fusi- 
bility, state  of  hydration,  &c.,  the  blowpipe  reactions  fail  to  supply 
distinguishing  tests  regarding  the  chemical  composition  of  these 
bodies,  since  a  very  large  number  of  silicates  difler  from  each  other 
merely  in  the  relative  proportions  of  their  component  metallic 
elements. 

Reactions  in  Solution. 

Silicates  may  be  divided  into  : 

1.  Silicates  which  are  soluble  in  water,  including  only  potassium 
and  sodium  silicates  ;  and 

2.  Silicates  insoluble  in  water,  including  all  others. 

These  latter  silicates  are  either  soluble  in  concentrated  hydro- 
chloric or  sulphuric  acid,  or  partly  soluble  and  partly  insoluble,  or, 
lastly,  insoluble  in  these  acids. 

All  insoluble  silicates  are  attacked  by  hydrofluoi'ic  acid,  with 
disengagement  of  silicon  fluoride,  or  by  fusion  mixture  (or  caustic 
baryta)  at  a  high  temperature. 

By  treating  an  aqueous  solution  of  sodium  silicate,  Na^SiOj,  with 
dilute  hydrochloric  acid,  it  is  decomposed  into  NaCl  and  1148104. 
The  latter  remains  either  dissolved  in  the  acid,  or  is  partially 
separated  in  a  colloid  or  gelatinous  form.  On  heating  in  » 
porcelain  dish  over  a  water-bath,  the  gelatinous  mass  becomes 
firmer,  and  can  be  broken  up,  by  means  of  a  glass  rod,  into  lumps? 
which  speedily  lose  their  water,  leaving  anhydrous  silica.     The  dried 
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mass  is  treated  with  a  little  concentrated  hydrochloric  add  and  hot 
water,  when  XaCl  is  dissolved  out  (together  with  small  quantities  of 
Al  *and  Fe— ^impurities  in  the  sodium  silica-te),  a6d  the  sihca  remains 
insoluble. 

Ammonium  chloride  or  carhonate  precipitates  H^SiO^  from  a 
solution  of  sodium  silicate,  Salts  of  most  of  the  heavy  metala,  as 
irell  as  of  the  alkaline  earthy  metals,  form  by  double  decomposition 
with  a  soluble  silicate  white  or  yellowish  white  silicatesj*  soluble  in 
dilute  hydrochloric  or  nitric  acid,  which,  however,  possess  no  charac- 
teristic properties.  It  is  therefoi^  necessary  to  remove  the  sOica  in 
order  to  detect  bases,  by  evaporating  to  dryness  with  hydrochloric 
acid.  On  digesting  the  dry  mass  with  a  little  hydrochloric  acid,  the 
metallic  oxides  are  dissolveEl,  and  can  be 
separated  by  filtration  from  the  silica. 
SiOjj  like  1*^0^,  is  detected  whilst  testing 
for  bases. 

Most  natuml  and  artificial  silicates  are 
instiluble  in  water.  Many,  eg  ,  zeolites, 
as  well  as  certain  artificial  silic^tefi,  such 
fLs  slags  from  blast  furnaces,  (fee,  are 
decomposed  on  digesting  the  finely  pow- 
dered silicjite  with  concenti^ted  hydro- 
chloric acid. 

Silicates,  such  as  kaolin  and  clayi^!, 
which  are  not  attacked  by  hydrochloric 
acid  can  frequently  b©  decomposed,  either 
partially  or  wholly,  by  hot  concentrated 
sulphuric  acid  diluted  with  about  one- 
third  of  its  weight  of  water  ;  many  natural 
silicatea  yield  more  or  less  silica  on  treat- 
ment with  hydrochloric  acid,  which  silica  may  be  taken  to  represent 
the  soluble  silica  or  the  decomposable  silicates,  leaving  the  greater 
portion  of  the  mineral  behind  in  its  original  condition. 

Silica  J  or  ailieate?i  insoluble  in  acids,  forming  by  far  the  gi^eater 
n timber,  are  readily  attacked  by  gaseous  hydrofluoric  acid,  or  by 
fluor  spar  tind  Hj^SO^j  gaseous  SiF^  being  given  ott'.  This  method 
may  be  re.sorted  to  when  alkalies  are  present  in  a  silicate,  as,  e.g.^  in 
fdspar.  A  little  of  the  finely  powdered  silicate  is  moistened  with 
strong  ammonia,  put  into  a  platinum  crucible  or  small  platinum 
capenle,  and  exposed  to  the  action  of  gaseous  HF.  This  gas  should 
be  generated  in  a  leaden  or  platinum  vessel.  The  platinum  crucible 
is  to  this  end  supported  on  a  lead  tripod  in  a  small  leaden  basin, 
which  can  be  closed  with  a  lid  of  the  same  met^iL  A  layer  of 
ftuor  spar  is  put  at  the  bottom  of  this  vessel,  mixed  and  covered  with 
concentrated  sulphuric  acid.  The  leaden  vessel,  after  being  covered, 
is  placed  for  a  day  or  two  in  a  warm  place.  The  crucible  is  then 
taken  outj  and   its  contents   cautiously  evaporated  by  applying  a 

♦  Calcium  or  bariam  silicates  formeil  io  this  manner  are  useful  as  pre- 
ficrva-tives  of  the  Borfacea  of  buildings  of  dolomicio  iimestone,  ScCj  against  the 
aoUon  of  gase?,  as  80^,  contained  in  the  smok?  ^ir  of  towns, 
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gentle  heat,  as  shown  in  Fig.  95,  from  the  upper  part  of  the  crucible 
downward,  till  the  whole  of  the  ammonium  fluoride  has  been  driven 
off.  The  diy  residue  is  dissolved  in  hydrochloric  acid  and  tested  for 
bases.  A  small  residue  is  usually  left,  which  is  filtered  off  and 
treated  once  more  in  the  same  manner.  ■ 

An  expeditious  way  of  detecting  SiO,  with  certainty  is  to  warm 
a  little  of  the  finely  powdered  mineral,  mixed  with  fluor  spar,  with 
strong  sulphuric  acid  in  a  piece  of  lead  tube  closed  at  one  end,  and 
bent  almost  into  a  U  form,  with  the  open  limb  shorter  than  the 
other.  On  arranging  this  to  dip  only  just  below  the  surface  of  water 
in  a  small  beaker,  and  applying  heat  to  the  closed  limb  containing 
the  mixture,  SiF^  will  be  given  off,  and  form  gelatinous  SiO,  on 
contact  with  the  water. 

The  same  result  may  be  obtained  more  expeditiously  by  treating 
the  mineral  in  a  platinum  crucible  with  liquid  hydrofluoric  acid,  and 
evaporating  cautiously  in  a  well- ventilated  draught  closet.  The 
residue  is  dissolveil  in  hydrochloric  acid.  Any  insoluble  part 
which  may  be  left  is  separated  by  filtration  and  treated  again  with 
hydi'ofluoric  acid.  This  treatment  has  generally  to  be  repeated 
several  times  befoi*e  the  wliole  of  the  bases  are  obtained  in  a  soluble 
condition. 

Ti*e}\tment  with  CaF^  and  concentrated  H^SO^  is  sometimes  objec- 
tiv^nable,  on  acvount  of  the  formation  of  insoluble  GaSO^.OH,. 

A  less  oumbei'souie  yet  equally  satisfactory  method  for  deoom- 
(K>sing  silii*:ites  in  order  to  detect  the  alkalies  in  them  is  the  follow- 
ing: Mix  *«»  grui.  of  duely  ^x^wdered  silicate  intimately  with  '5grm. 
v»f  purt*  NH,l1,  and  then  with  4  grms.  of  pure  precipitated  granular 
o.di'ium  i*arlH>n;ite,*  and  heat  the  mixture  in  a  platinum  crucible, 
tirst  geiitly.  auvl  bv  means  of  a  smull  Bunsen  flame,  till  the  ammonia 
is  vv>!a:ilisevl.  Then  apply  a  stronger  heat,  and,  lastly,  heat  for  half 
an  hour  over  a  g\.vxl  bunsen  flame.  The  sintered  mass  consists  now 
of  eaustio  lime  disiuteiii-atevi  silicate  (rendered  solable  in  acids),  and 
alkali  ohlovivUxs  s».>luble  in  water,  besides  CaCl^  It  is  next  slaked 
and  ivjvatt\lly  extracted  with  small  quantities  of  hot  water  at  a 
ttuie.  The  li^uivi  after  nitration  is  free  from  silica  and  contains  the 
alka'.i  uierals  as  ol:  lor  ides.  The  lime  in  solutioii  is  removed  by  pi^ 
ci('ica:iou  with  am uion ium  oxalate  aiid  hydnudde,  and  the  filtrate 
eva^vi-atcvl  to  vlr>  »ies«>  ar.vl  i^»:itly  i^ted,  when  the  fixed  alkali  salts 
aiv  left  Ivhitid. 

A'.l  siUo.^tes  i::sk>lub>  iu  water  and  acids  may  be  deocxnposed  by 
fusion  \\i:i;  alkali  v.'arcv^iiates  vtiisiou  mixcure).  Tbey  are  first 
i;iouv,vi  u^»  veix  tluelv  iu  ;iu  Uipite  morttir,  then  intimately  mixed 
\^  i:i'.  r:ii\v  or  fo,:r  ::iue«>  their  ^fcei^h:  oi  fttjion  mixtnref  and  heated 
iu  ;<  ^*Uiiuuvi  v'uvi.\e  as  'or.^:  as  any  CO.  i>  given  off.  This  maybe 
doi'.o  o^ev  a  jjvw*.  bu:s<*u  :1a aie.  or  ly  mean^  of  a  gas  blowpipe, 
^  A  jvi ;  i  :*.  u  lu  o i  ix- 1 .' !  o  v-a  :x  Iv  e m  v loy e^;  w it h  :saf etj  only  when  tbe 
ilv^'iuv  o:  ^ix.ljk  tev:ucrv\e  a:^:  t'-.u^ibLe  mecaLs  h^  been  estaUished 

♦  l>vtvt'\Ni  -7  y:vv;iv.^s:v^  i  ,::. ;-;»  soI^::oa  ,^i  CaCI^as  TO'C.  with  excflfii 
s«.  i'"  tiou.M.u  oAviX'^bi:^  .tu>^  >iij^^:j^  :je  voK^ificacia  thoios^hly  with  hot 
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by  a  preliminary  examination  of  the  silicious  substance  on  charcoal.) 
The  mass  is  at  once  treated  with  dilute  hydrochloric  acid  and  evapo- 
rated to  dryness.  The  residue  is  treated  with  a  little  HCl,  water 
is  added,  and  the  solution  of  the  base  filtered  from  the  silica.  The 
alkalies  must  be  examined  for  in  a  separate  portion  by  treatment 
with  hydrofluoric  acid. 

Pure  amorphous  silica  dissolves  completely  when  boiled  with  an 
aqueous  solution  of  fixed  caustic  or  carbonated  alkalies. 

SiO,  is  separated  from  TiO^  (titanic  anhydride)  by  fusion  with 
HKSO4,  and  subsequent  treatment  with  water;  the  SiO^j  remains 
undissolved.  The  TiO,  is  precipitated  from  the  acidulated  aqueous 
solution  by  long-continued  boiling. 

BORIC  ACID,  H3BO3  (orthoboric  acid). — Is  found  in  nature  both 
combined  and  in  the  free  state. 

Dry  Reactions. 

Most  borates  swell  up  when  heated  by  themselves,  and  fuse  into 
a  transparent  glass.  The  free  acid  forms  scaly  ciystals,  possessing 
a  pearly  lustre  and  feeling  peculiarly  greasy  to  the  touch. 

When  heated  to  100°  C.  the  crystals  lose  water  and  become  con- 
verted into  metaboric  acid,  HBO^,  and  by  further  heating  this  acid 
fuses  to  a  colourless,  transparent,  glassy-looking  mass  of  boric  anhy- 
dride, BjOj,  which  can  be  kept  in  a  fused  condition  without  loss  from 
volatilisation. 

A  mixture  of  KHSO^  and  a  borate,  heated  on  a  platinum  wire  in 
the  blowpipe  flame,  imparts  a  green  colour  to  the  flame,  owing  to  the 
liberation  of  boric  acid. 

To  detect  small  quantities  of  boric  acid  before  the  blowpipe,  the 
|H)rate  is  powdered  and  mixed  with  KHSO^  and  CaFg.*  The  mixture 
js  made  into  a  stiff  paste  with  a  few  drops  of  water,  and  cautiously 
introduced,  on  the  loop  of  a  platinum  wire,  into  the  inner  blowpipe 
fl^e,  when  the  outer  flame  acquires  momentarily  a  yellowish  green 
tint,  owing  to  the  volatilisation  of  boric  fluoride,  BF3.  Phosphates 
^  well  as  copper  salts,  when  moistened  with  sulphuric  acid  and  heated 
in  the  outer  flame,  give  likewise  a  green  tint  to  the  flame. 

Beaetions  in  Solution. 

k  solution  of  borax,  NajB^Oy,  is  used. 

The  alkali  borates  are  soluble  in  water  ;  all  others  are  difficultly 
liable,  but  none  are  absolutely  insoluble.  All  borates  dissolve  in 
^ids  and  ammonium  chloride. 

The  precipitates  produced  by  double  decomposition  of  a  soluble 
>Ikali  borate  with  salts  of  the  alkaline  earths,  or  with  lead,  silver, 
t&ercarous,  or  ferrous  salts,  (fee,  are  white  or  yellowish  white,  and  are 
teadily  soluble  in  acids  and  ammonium  chloride. 

The  free  acid  dissolves  in  water  and  alcohol,  and  its  solutions 

♦  Three  to  four  parts  of  the  flux  (consisting  of  one  part  of  powdered  CaF^ 
iod  foiir  aQ4  a  half  to  five  parts  of  KUtiO^). 
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impart  to  a  bunsen  gas  flame  a  fine  green  colour.  An  alcoholic 
solution  inflamed  in  a  porcelain  dish,  or,  better  still,  in  a  test-tube, 
gives  the  same  characteristic  flame,  and  the  colour  becomes  all  the 
more  perceptible  when  the  burning  alcohol  is  stirred  with  a  glass 
rotl.  The  Bfi^  is  volatile  along  with  the  alcohol,  which  is  not  the 
case  with  other  substances,  as  Cu  or  Ba  salts.  A  borate  mixed  with 
strong  sulphuric  acid  shows  the  same  reaction,  but  it  is  preferable 
to  make  a  paste  of  the  substance  with  strong  H^SG^,  and  to 
bring  a  small  quantity  of  this  on  a  platinum  wire  near  to  the  lower 
part  of  a  non-luminous  flame.  The  boric  acid  is  shown  by  the  green 
flame. 

A  green  flame  (of  a  somewhat  greenish  blue  tint,  however)  is 
obtained  also  by  heating  many  metallic  chlorides  with  alcohol  and 
concentrated  sulphuric  acid  (owing  to  the  formation  of  ethylic 
chloride,  C^H^Cl),  also  by  passing  hydrochloric  acid  gas  into  the 
flame  of  burning  alcohol. 

If  a  borate  cannot  be  decomposed  by  sulphuric  acid,  it  is  fused 
with  potassium  hydroxide,  and  the  fused  mass  may  be  extracted  with 
alcohol,  or  it  may  be  tested  as  above. 

An  aqueous  solution  of  boric  acid  cannot  be  evaporated  without 
loss  of  acid  from  volatilisation. 

An  alcoholic  solution  of  boric  acid  colours  turmeric  paper  reddish 
brown,  especially  on  drying  the  strips  of  paper  in  a  warm  place  (a 
water-oven).  This  colour  becomes  more  intense  in  the  presence  of 
hydrochloric  or  sulphuric  acid  (even  in  the  presence  of  nitric  or 
tartaric  acid).  The  colour  produced  by  heating  turmeric  paper  with 
hydrochloric  acid  is  blackish  brown,  and  must  not  be  confounded  with 
the  colour  produced  by  boric  acid.  The  dried  paper  acquires  a  green 
or  a  blackish  tint  when  touched  with  alkalies,  as  NaHO. 

Hydrofluoric  acid  (or  H^jSO^  and  CaF^,)  decomposes  all  borates, 
with  formation  of  volatile  boric  fluoride,  thus : 

Na,B,07  +  6CaF,  +  7H,S0,  =  6CaS0,  +  Na.SO,  +  4BF3  +  70H,, 

and  if  the  gaseous  boric  fluoride  be  passed  into  water,  it  forms  hydro- 
fluoboric  acid,  tlius : 

4BF3  +  30H,  =  3(BF3,HF)  +  H3BO3. 

Hydrofluoboric 
acid. 

This  acid  combines  with  bases,  forming  borofluorides  or  fluoborates, 
thus:  BF3,HF  +  KHO  =  BF3,KF  +  OH,. 


ORGANIC   ACIDS. 

HYDROCYANIC    ACID   (prussic    acid),   HCy.— This  acid*    con- 
sists of  hydrogen  and  the  compound  radical  cyanogen,  Oy,  molecule. 

*  The  compounds  which  tho  radicals  cyanogen,  ferro-  and  ferri-cyanogeo, 
&c.,  are  capable  of  forming  will  be  treated  somewhat  more  fully,  since  » 
thorough  understanding  of  the  various  reactions  is  necessary  in  order  to 
analyse  cyanogen  compounds  successfully. 
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^^*    It  forms  salts  called  cyanides,  which  are  analogous  in  their 

hem  ical  constitution  to  chlorides,  bromides, .  di^c.  Cyanogen  cannot 
>e  obtained  technically  by  the  direct  combination  of  carbon  and 
litrogen,  although  it  is  formed  in  the  electric  arc,  but  an  alkali 
yanide  results  from  the  action  of  caustic  or  carbonated  alkalies 
ipon  nitrogenous  organic  bodies,  such  as  fibrin,  albumen,  and  gelatin 
t  a  high  temperature.  Commercial  cyanide  of  potassium  contains 
ome  cyanate,  and  generally  a  large  quantity  of  carbonate. 

When  organic  substances  containing  nitrogen  are  heated  with 
odium  or  potassium,  and  some  other  metals,  as  Mg  or  Fe,  the  two 
lements  C  and  N  seem  to  be  simultaneously  liberated,  and  then 
ombine  with  the  alkali  (or  other  metal)  to  form  a  compound  which 
3  very  stable  at  a  high  temperature.  In  order  that  the  whole  of 
he  nitrogen  may  be  resolved  into  this  form,  it  is  necessary  for  any 
►xygen  present  to  be  fully  taken  up,  either  as  water  by  excess  of 
lydrogen,  or  as  CO,  carbon  monoxide,  by  carbon.  Alkali  cyanides 
iro  formed  in  the  iron  blast  furnace. 

Dry  Reactions. 

ECy  and  NaCy  are  not  decomposed  upon  ignition  in  closed 
vessels,  as  may  be  inferred  from  their  mode  of  manufacture ;  but 
when  heated  with  free  access  of  air  they  are  converted  into  cyanates. 
The  same  change  takes  place,  only  more  speedily,  when  potassium 
cyanide  is  heated  with  less  energetic  oxidising  agents^  such  as  MnO^, 
PbO,,  PbO,  CuO,  SnOj,  &c.,  when  the  metal  or  a  lower  oxide  is  left. 
Heated  in  the  presence  of  metallic  sulphides,  it  is  converted  into 
potassium  sulphocyanate,  KSCy.  Potassium  cyanide  is  on  this 
account  a  most  valuable  deoxidising  and  desulphurising  agent,  and 
is  employed  in  blowpipe  reactions  whenever  a  metallic  oxide  (or 
sulphide)  has  to  be  reduced  to  the  metallic  state.  Cyanides  of  the 
heavy  metals  undergo  decomposition  upon  ignition ;  some  {e.g.,  the 
cyanides  of  the  noble  metals)  break  up  into  metal  and  cyanogen 
gas;  others  into  the  metal,  carbon,  and  nitrogen  {e.g.,  the  cyanides 
of  iron)  ;  others,  again  (such  as  AgCy,  HgCy^,  CuCy^,  ZnCy^),  yield 
cyanogen  gas,  metallic  silver,  mercury,  &c.,  and  paracyanogen — a 
brownish  black  substance,  which  is  polymeric  with  cyanogen,  usually 
expressed  by  the  symbol  Cyn. 

This  behaviour  of  solid  cyanides  furnishes  ready  means  of 
preparing  cyanogen  gas,  either  by  igniting  dry  HgCy^,  or  AgCy ; 
op  by  heating  two  parts  of  dry  yellow  prussiate  of  potash,  or 
potassium  ferrocyanide,  K^FeCyg,  with  three  parts  by  weight  of  dry 
BgCl,. 

CYANOGEN,*  |q^.      Melting-point,  -  34-4"  C. ;     boiling-point, 

207°  0.    Relative  weight,  gas  =  1  -799  ;  liquid  =  -806.— It  is  a  colour- 

♦  Cyanogen  gas  should  on  no  account  be  prepared  unless  for  some  special 
mrpoBe,  and  with  every  precaution  against  breathing  the  gas,  owing  to  its 
oarfnlly  poisonous  nature.  Cyanogen  and  its  compounds  with  the  alkali 
letals  are  extremely  stable  bodies  at  a  high  temperature.     Great  chemical 
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less  gas  of  peculiar  odour,  burning  with  a  beautiful  purple  or  peach- 
blossom  coloured  flame,  and  yielding  CO^  and  N.  The  gas  is  nearly 
twice  as  heavy  as  air,  and  since  water  dissolves  about  four  times  its 
own  volume  it  must  be  collected  over  mercury,  or  by  downward 
displacement.  In  CHCI3  or  CCl^  it  is  much  more  soluble.  An 
aqueous  solution  decomposes  spontaneously  into  a  vaiiety  of  pro- 
ducts.* It  is  one  of  the  few  gases  which  condense  to  a  liquid  at 
a  moderate  pressure  (3*6  atmospheres). 

Cyanogen  compounds,  when  ignited  in  a  tube  with  excess  of  soda- 
lime,  give  up  the  whole  of  their  nitrogen  as  ammonia. 

Reactions. 

To  test  a  gas  for  cyanogen  it  should  be  shaken  up  with  KHO,  which 
absorbs  the  cyanogen,  forming  cyanide  and  cyanate  of  potassium,  the 
solution  of  which  may  be  tested  as  usual. 

It  is  also  absorbed  by  yellow  ammonium  sulphide,  forming  sulpho- 
cyanate  of  ammonium,  which  is  easily  identified  by  the  dark  red 
colour  it  gives  with  ferric  salts. 

Reactions  in  Solution. 

The  cyanides  of  the  alkali  metals  and  alkaline  earthy  metals  are 
soluble  in  water,  the  former  readily,  the  latter  with  difBculty.  The 
cyanides  of  the  heavy  metals  are  insoluble  in  water,  with  the  excep- 
tion of  HgCy^ ;  but  are  for  the  most  part  soluble  in  a  solution  of 
potassium  cyanide,  forming  soluble  double  cyanides,  which  are 
frequently  crystalline,  and  which  upon  ignition  are  decomposed  like 
single  cyanides — i.e.,  the  cyanide  of  the  heavy  metals  breaks  up  into 
metal  and  cyanogen,  or  metal,  carbon  (carbide  ?),  and  nitrogen,  whilst 
the  alkali  cyanide  is  not  decomposed,  and  can  be  dissolved  out  from 
the  residue. 

The  following  is  a  list  of  some  of  the  more  important  single 
cyanides — i,e,,  cyanides  which  contain  only  one  metal : 

Potassium  cyanide,  soluble  in  water         .         .     KOy. 
Sodium  „  „  „  .         .     NaCy. 

stability  is  thought  to  be  associated  with  or  to  depend  upon  a  more  or  less 
symmetrical  structure.  That  of  cvanogen  may  perhaps  be  represented  as 
C^N  '  N=C  C-N 

I         although  an  isomeric  form  is  possible    |      ||    and  even    I       ||    which 
0-N  N=C  C=N 

would  be  a  ring  or  closed  chain  formula. 

C=N— K        N  =  C— K 
A  cyanide  might  then  be    |  or    |      I  which  is  less  in  keepine 

C=N-K        N  =  C-K 
with  experiment.     The  cyanogen  molecule  contains,  nndonbtedly,  "labile" 
elements. 

*  It  should  form  ammonium  oxalate  exclusively  from  the  following  reac- 
tions : 

(I)  (NHJ^C^O^  -  4H2O  =  CgNa  ; 
(II)  C^N.,  +  4H2O  =  (NH4).A04. 

The  former  can  be  carried  out  with  the  aid  of  PaOj,  but  the  second  is  some 
what  difficult  to  manage  quantitatively. 
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Barium 

>i 

difficultly 

soluble  in  water 

BaCy,. 

Silver 

>> 

insoluble 

in  water    . 

AgCy. 

Zinc 

>> 

>j 

ZnCy,. 

Cadmium 

)) 

>> 

CdCy,. 

Nickel 

» 

>» 

NiCy,. 

Cobaltous 

»> 

)) 

CoCy,. 

Cuprous 

» 

»> 

Cu,Oy,. 

Mercui'ic 

>> 

soluble  in 

water 

HgCy,. 

Some  of  these  single  cyanides  are  readily  decomposed  by  acids, 
with  evolution  of  hydrocyanic  acid  ;  others  are  more  stable. 

Double  cyanides  contain,  generally,  a  cyanide  of  an  alkali  metal, 
K  or  Na,  and  another  cyanide,  as  Zn(CN)2  or  Cd(CN)2,  &c.  They 
seem  to  resemble  to  some  extent  SQme  double  chlorides.  Most,  if 
not  all,  the  insoluble  cyanides  are  soluble  in  an  excess  of  an  alkali 
cyanide.     (See  AgCy.) 

The  action  of  dilute  acids  shows  clearly  the  existence  of  two 
distinct  classes  of  double  cyanides — viz. : 

Ist.  Double  cyanides  which  are  readily  decomposable,  giving  off 
hydrocyanic  acid  when  treated  with  dilute  mineral  acids.  They 
possess  an  alkaline  reaction.  Their  alkali  cyanide  is  decomposed  by 
dilute  mineral  acids  into  HCN  and  a  salt  of  the  alkali  metal,  and 
into  a  cyanide  of  the  heavy  metal,  which  remains  in  combination 
with  the  liberated  HCN,  and  this  cyanide,  being  insoluble,  is  precipi- 
tated, or  both  cyanides  are  decomposed,  and  t-he  whole  of  the  HCy 
is  liberated,  e.g, : 

(1)  KAgCy,  +  HNO3  =  AgCy  +  HCy  +  KNO3. 

Precipitatefi. 

(2)  K,ZnOy,  +  4HC1  =  ZnCI^  +  2KCI  +  4HCy. 

2nd.  Double  cyanides  which  possess  a  neutral  reaction  and  give 
off  no  hydrocyanic  acid  when  treated  with  dilute  hydrochloric  acid, 
the  negative  element  of  the  acid  forming  a  salt  with  the  alkali 
metal,  whilst  the  hydrogen- or  positive  element,  by  uniting  with  the 
remaining  elements,  forms  a  new  acid  of  a  more  complex  nature, 
thus: 

K.FeCy^  +  4HC1  =  H.FeCy,  +  4KC1.* 
Hjdroferrocyanic 
acid. 

K,Fe,Cyi,  +  6HC1  =  H^Fe^Cy,,  +  GKCl. 
Hydroferricyanic 
acid. 

K,Co,Cy„+  6HC1  =  H^Co^Cy^,  +  GKCl. 
Hydrocobalticyanic 
acid. 

*  In  these  salts  (ferro-  and  ferri-  and  cobalti-cyanidcs)  the  constitution  is 
▼eiy  likely  somewhat  akin  to  that  of  benzene  compounds,  and  is  expressible  as 
a  closed  chain,  ring,  or  nucleus.     Their  much  great  stability,  &c.,  certainly 
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The  single,  as  well  as  easily  decomposable  double  cyanides,  which 
yield  hydrocyanic  acid,  when  treated  with  dilute  mineral  acids,  are, 
moreover,  remarkable  for  their  highly  poisonous  character^  whilst 
these  latter — the  double  cyanides  containing  a  very  stable  cyanogen 
radical,  e.g.^  ferrocyanogen,  FeCyg,  cobalticyanogen,  Co,Cy„ — are  not 
poisonous,  or  not  markedly  so. 

All  these  complex  cyanogen  compounds — both  decomposable  and 
non-decomposable^  may  be  viewed  as  double  cyanides. 

The  following  list  contains  some  of  the  more  interesting  double 

points  to  a  different  structure  from  that  of  single  and  decomposable  double 
cjanides. 

Fotassinm  ferrocjanide  might,  for  instance,  be  pictured  as  a  cyanogen  ring, 


f-f*-* 


\   .'1^ 


»  / 


and  when  this  is  converted  by  oxidation  into  ferricyanlde,  K8Fe(CN)e, 


,/ 


-^^^ 


Of  course  the  Fe  or  Co  may  be  doing  quite  different  work  in  these  com- 
pounds from  what  they  are  doing  in  ordinary  salts.  There  is  no  proof  that  it 
may  not  be  tetravalent  or  hexavalent.  Whether  the  iron  is  directly  united  to 
carbon  or  nitrogen  or  to  the  cyanogen  n.olecule  as  a  whole  is  all  waiting  for 
investigation  to  settle.  In  the  meanwhile  these  views  do  no  harm.  Inferro 
and  nickel  carbonyls  the  metals  can  scarcely  be  otherwise  than  attached  to 
carbon.  , 

The  easily  decomposable  double  cyanides,  as  K2ZnCy4,  might  be  expressed 
thus  : 
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or  a  less  probable  form  : 
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Bs — i.e.,  cyanides  coDtaining  more  than  one  metal — tbe  easily 
posable  class  being  indicated  by  a  comma  placed  between  the 
:eD  and  the  metal : 

3tassium  zinc  cyanide         ....  K^Zn^Gj^. 

„  cadmium  cyanide          .                   .  K2Cd,Cy4. 

„  nickel             „      .         .         .         .  K^NijCy^. 

„  silver              „      .         .          .         .  KAgjCy^. 

„  aureus            j>      •         •                   •  KAu',Cyjj. 

„  auiic  teti-pcyanide                   .         .  KAu'^'jCy^. 

„  cuprous  cyanide  ....  K-'fin^^Gy^, 

„  platinous     „         .         .         .         .  K^Pt'^Cy^. 

„  platinic       „          .         .         .         .  K',Pt";,Cy,j. 

„  ferrous  cyanide  (potassium  ferro- 

cyanide,  yellow  prussiate)  .  K^FeCyg. 

„  ferricyanide,  red  prussiate    .         .  RgFe^jCyj^.* 

,,  cobalticyanide       ....  KgCogCyj^.* 

„  chromicyanide       ....  KgCr^Cyig.* 

„  manganicyanide  ....  RgMn^Cyig.* 

the  different  behaviour  of  these  double  cyanides  with  dilute 
nd  with  ferroso-f erric  salts  be  noticed,  the  easily  decomposable 
cyanides  giving  a  precipitate  of  Prussian  blue,  whilst  the 
— ^the  difficultly  decomposable  double  cyanides—yield  no  hydro- 
acid  when  treated  with  dilute  acids,  and  produce  (with  the 
ion  of  the  ferro-  and  ferri-cyanogen  compounds)  no  precipitate 
issian  blue  with  ferroso-ferric  salts  and  hydrochloric  acid,  it 
BS  evident  that  the  complex  groups  of  elements,  ferro- 
(en,  FeCyg,  ferricyanogen,  Fe^^Cyj^,  cobalticyanogen,  Co^Cyig, 
hich  behave,  like  cyanogen,  as  a  group  or  complex,  may  like- 
e  viewed  as  compound  radicals,  if  by  this  term  is  denoted  a 
of  common  and  constant  constituents  found  in  a  whole  series 
ipounds,  and  capable  of  replacing  multiples  of  CI,  Br,  &c.,  in 
nt  atomic  proportions, 

is  possible  to  produce  by  double  decomposition  precipitates 
oluble  salts  of  almost  all  the  heavy  metals  in  which  the  potas- 
-or  positive  radical — is  either  entirely  or  partially  exchanged 
I  equivalent  quantity  of  a  heavy  metal,  whilst  the  negative 
of  elements  remains  unaltered,  thus ; 

K.FeCyg  +  CuSO,  =  K^CuFeCyg  +  K,SO„  or 
K.FeCyg  +  2CuS0,  =  Cu.FeCyg  +  2K,S0,. 

a  the  addition  of  an  alkali  hydroxide  or  carbonate,  the  whole 
heavy  metal  is  removed  as  hydroxide  or  carbonate,  with  forma- 
'f  an  alkali  ferrocyanide. 

asily  decomposable  soluble  double  cyanides  give  likewise  precipi- 
with  solutions  of  heavy  metals,  e.g. : 

2KAgCy,  +  ZnSO,  =  Zn,Ag,Cy,  +  SO^K, ; 
Precipitated. 

*  These  formulae  may  be  halved  for  simplicity,  thus  :  KgFeCyg,  &c. 
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but  there  is  do  evidence  to  show  whether  these  precipitates  are  real 
(K)in])oun<]H  or  only  mixtures  of  two  insoluble  cyanides  ;  nor  is  there 
any  [iroof  that  alkali  hydroxides  reproduce  the  original  double 
cyanide.  Dilute  sulphuric  acid  decomposes  ZnOy,  in  the  above 
precipitate,  AgCy  being  left  behind,  just  as  if  no  connection  had 
oziftted  between  the  two  cyanides,  or  simply  because  the  AgON  is  so 
insoluble.  Alkali  hydroxides  or  carbonates  are  without  action  upon 
easily  decern  posabl e  cy a n ides.  A  few  are  d ecom posed  by  8ulphurette<l 
hydrogen,  e.g.,  KfidCy^,  K^HgOy^,  KAgCy^,  with  precipitation  of  a 
metallic  sulphide;  in  others,  such  as  K,MnCy^,  K^NiOy^,  K,ZnCy^, 
and  KjjCuOy^,  the  metal  is  only  partially  precipitated. 

It  is  evident  from  these  changes  that  easily  decomposable  and 
difficultly  decompoFable  double  cyanides  differ  in  stability,  and  this 
probably  depends  upon  chemical  structure  as  much  as  upon  the 
individual  nature  of  the  metal  they  contain. 

A  solution  of  potassium  cyanide,  KCy,  may  be  used  for  the  wet  

reactions. 

AgNOj  gives  a   permanent  white  curdy  precipitate*    of   silvei  - 

cyanide,  AgCy  only,  when  more  than  one  molecule  of  AgNO,  hat.      -^ 

been  added  for  every  two  molecules  of  KCy.     The  precipitate  ii j 

insoluble  in  dilute  nitric  acid,  soluble  in  ammonium  hydroxide,  8odiuii=3 
thiosulphate,  and  potassium  cyanide.  AgCy  resembles  AgCl  s^md 
very  closely  that  special  expeiiments  are  required  to  distinguish  i  — t 
fix>m  the  latter,  or  to  detect  hydrocyanic  acid  in  the  presence  of  -si 
chloride. 

This  may  be  done   (1)  by  boiling   with   8tix>ng    HNO,,   whic^l 
dissolves  AgCy  but  not  AgCl  ;  (2)  by  igniting  a  mixture  of  AgdLI 
and  AgOy,  which  has  been  entirely  freed  from  silver  nitrate  fc^j 
wiushing  with  hot  water,  when  AgCy  is  decomposed  into  cyanog^-M^ 
met^iUic  silver,  and  paracyanogen.     AgCl  fuses  without  decompc^ssKi. 
tion.     On  dissolving  the  residue  in  nitric  acid  and  filtering,  a  p-anp. 
cipitj\t43  of  Agl'l  is  obtained,  on  the  addition  of  hydrochlcHric  ac?i</, 
or  a  soluble  chloride,  the  silver  of  which  must  have  been  present 
originally  as  cyanide,     (Distinction  l>etween  HCl  and  HC\\) 

nilute  minenil  acids  decompose  potassium  cyanide  readily,  with 
evolution  of  llCy.  On  decomposing  a  small  quantity  of  KCy  by 
dilute  sulphuric  acid  in  a  small  porcelain  dish,  and  inverting  another 
su)all  dish  C(^nt:uning  a  drop  or  two  i^f  yellow  ammonium  sulphide 
over  it.  the  gi^seous  hydnxsyanic  acid,  acting  upon  the  ammoniam 
sulphide,  forms  ammonium  sulphocvanate,  NH^SCy,  and  NH^HS, 
thus:  (NUj\S^  +  HCy  =  NH,SCy  +  yH,HS.  The  solution  then  gives 
a  ohanunoristic  bUxnl-i^l  colorsuion  with  FejCl^. 

This  ivnstitutes  one  of  the  most  delicate  reactions  for  free  hydro- 
ovanio  aoid,  as  well  as  for  soluble  or  easily  decompofiahle  cyanido^ 

l\i8l>^  to  which  a  solution  of  SO*  has  been  added,  gives  with 
KlV  a  white  precipitate  of  cuprous  cyanide,  Cu,Cy„  soluble  in 
jxMrt'v^ium  cyanide  iKA'u.Cy,). 

•  Hg^Vo  is  not  pre^  ipitat^esi  by  silver  nifrnt^. 
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Mercurous  nitrate,  Hg(,N03)j  gives  a  grey  precipitate  of  metAllic 
mercury,  whilst  HgCyj,   remains  in  solution. 

Iron  salts  are  among  the  most  delicate  reagents  for  hydrocyanic 
acid,  or  for  soluble  cyanides,  on  account  of  their  tendency,  especially 
in  the  presence  of  potassium  hydroxide,  to  form  difficultly  decom- 
posable double  cyanides  (containing  the  compound  acid  radicals  ferro- 
and  ferri- cyanogen),  which  are  of  a  characteristic  blue  colour  (hence 
"the  name  cyanogen,  from  Kvavos,  blue,  yevvda,  I  generate).  The 
solution  containing  hydrocyanic  acid,  or  a  soluble  cyanide,  is  first 
treated  with  a  little  potassium  hydroxide,  then  with  a  mixture  of 
ferric  chloride  and  ferrous  sulphate,  and  heated.  On  the  addition 
of  dilute  hydrochloric  acid,  in  order  to  dissolve  the  precipitated 
ferrous  and  ferric  hydrates,  a  fine  blue  precipitate,  or  in  the  case  of 
a  mere  trace  of  HOy  a  green  coloration  only,  of  Prussian  blue  is 
obtained.     The  changes  may  be  expressed  by  the  equations  : 

(1)  KHO  +  HCy     =  KCy     +  OH,. 

(2)  FeSO,  +  2KCy  =  FeCy,*  +  K,SO,. 

FeCy,,   by  combining   with    4KCy,  forms    the    soluble   double 
cyanide  K^FeOyg. 

(3)  2Fe,Ol6  +  3K,FeCys  =  Fe,(FeCye)3  +  12KC1. 

Free  hydrocyanic  acid  dissolves  mercuric  oxide,  with  formation 
of  mercuric  cyanide,  which  is  not  precipitated  by  alkalies.  HgCy, 
exhibits  considerable  stability  compared  with  other  cyanogen  com- 
pounds. (Palladium  cyanide  is  even  more  markedly  stable.  A 
palladium  salt  will  remove  cyanogen  from  B[g(ON)g.)  Boiling  dilute 
H,80^  does  not  decompose  it.  Strong  HCl  breaks  it  up  into  HgCl^ 
and  HOy.  When  SH,  is  passed  through  its  aqueous  solution  it  is 
decomposed  into  HgS  and  HOy. 

The  alkali  ferro-  and  ferri-cyanides  are  partially  decomposed  by 
warming  with  dilute  sulphuric  acid,  with  evolution  of  hydrocyanic 
acid. 

This  furnishes  a  convenient  method  for  preparing  a  solution  of 
Vdrocyanic  acid.  Ten  parts  by  weight  of  K^FeCyg  (yellow  prussiate 
of  potash)  are  distilled  in  a  flask  or  retort  with  36  to  40  parts  of 
<lilute  sulphuric  acid  (one  of  acid  to  six  of  water).  The  flask  or 
'*©tort  is  connected  with  a  Liebig's  condenser  and  double-necked 
Receiver,  from  which  any  uncondensed  gas  can  be  carried  under  a 
Bunsen  lamp,  and  burnt.  Every  joint  should  be  made  perfectly 
^ight,  and  the  condenser  tube  should  dip  into  the  water  placed  in  the 
**eceiver.     The  reaction  takes  place  according  to  the  equation  : 

2K,FeCy,  +  3H,S0,  =  6HCy  +  K,Fe"FeCyg  -*-  3K,S0,. 

White  residue, 
turning  blue  by  exposure 
to  the  atmosphere. 

'iTiat  is,  only  half  the  cyanogen  is  given  off  as  HON. 

*  FeOyg  is  scarcely  known  in  an  isolated  condition,  as  it  forms  in  the 
presence  of  KCy  potassium  ferrocyanide,  K4FeCyg,  containing  the  compound 
cyanogen  radical  FeCyg,  which  in  its  turn  reacts  upon  the  ferric  salt. 
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A  solution  of  HOy,  in  water  or  alcohol,  when  left  to  itself,  under- 
goes spontaneous  decomposition,  with  production  of  ammonium 
formate,*  «fec  HON  combines  also  with  acids,  as  HCl,  and  some 
anhydrous  chlorides.  The  compounds  ai'e  mostly  easily  decomposed 
even  by  water.  A  mere  trace  of  mineral  acid  retards  this  decompo- 
sition considerably. 

Hydrocyanic  acid  is  exceedingly  poisonous.  Small  quantities  of 
the  gaseous  acid,  when  inhaled,  cause  a  peculiar  sensation  in  the 
throat,  and  are  followed  by  headache,  giddiness:,  and  other  disagree- 
able symptoms.  Great  care  must  therefore  be  taken  in  operating 
with  HOy,  or  with  cyanogen  compounds  generally,  and  for  the 
purposes  of  analysis  small  quantities  only  should  be  operated  upon 
at  a  time. 

HYDROFERROCYANIC  ACID,  H.FeCyg.— This  acid  is  tetra-basic. 
The  potassium  salt  is  prepared  on  a  manufacturing  scale  by  intro- 
ducing nitrogenous  animal  substances  (horn  shavings,  &c,)  and  iron 
into  fused  crude  potash.  The  fused  mass  is  lixiviated  with  water, 
and  the  salt  allowed  to  crystallise  out.  It  may  also  be  prepared  by 
decomposing  Prussian  blue  with  KHO  or  K,COj,  fused  or  strong 
boiling  solutions,  and  separating  the  ferric  hydroxide  by  filtration, 
thus  :  Fe,(FeCy,)3  +  ^  ^KHO  =  SK^FeCy^  +  2Fe,(H0)g. 

Potassium  ferrocyanide,  K^FeCyg  +  3Aq,  crystallises  in  large 
lemon-yellow  crystals ;  hence  its  name,  yellow  prussiate  of  potash. 
Its  positive  element  (potassium)  can,  by  doable  decomposition,  be 
replaced  by  other  metals,  either  entirely  or  partially,  and  the  pro- 
perty of  cyanogen  to  form  double  cyanides  is  well  illustrated  by 
the  reactions  of  the  ferrocyanidos.  This  will  be  seen  from  the 
following  list  of  some  of  the  more  common  of  these  : 


K.FeCy, 

-f 

3Aq. 

K.CaFeOye  +  3Aq. 

Na.FeCyg 

+ 

GAq. 

Ou.FeCys     4-  4Aq. 

(NHJ.FeCy, 

;    + 

3Aq. 

KjjCuFeCyg  -f-  2Aq. 

Ba,FeCy, 

-f 

GAq. 

K.FeFeCyg. 

K.BaFeOyg 

+ 

3Aq. 

NaKjFeOyg  4-  3Aq. 

Ca,FeCy, 

+ 

12Aq. 

NH^KaFeCy,  +  3Aq. 

Dry  Reactions. 

K^FeCyg  fuses  when  strongly  ignited,  and  breaks  up  into  nitro- 
gen, potassium  cyanide,  and  carbide  of  iron,  or  a  mixture  of  carbon 
and  iron,  thus  :  K.FeCyg  =  4KCy  -I-  2C  -f  Fo  -f-  N^. 

Heated  with  free  access  of  air,  or  in  contact  with  metallic  oxides, 
the  KCy  is  further  converted  into  potassium  cyanate,  KOCy. 

Reactions  in  Solution. 

A  solution  of  potassium  ferrocyanide  may  be  used. 
The  alkali  ferrocyanides  are  readily  soluble  in  water,  the  alkaline 
*  Ammonium  formate,  NH4O2CH,  when  dehydrated,  gives  : 

1st,  NH40aCH  -  HgO  =  NH2OCH  =  formamide,  and 
2nd,  NH2OCH   ^  HgO  =  NCH  =  formimide. 

This  is  the  reverse  reaction. 
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earthy  ferrocyanides  are  difficultly  soluble ;  those  of  iron  and  most 
other  metals  are  insoluble  in  water,  and  many  of  them  are  also  in- 
soluble in  acids.  They  are  decomposed  on  boiling  with  potassium 
hydroxide,  with  formation  of  a  solution  of  potassium  ferrocyanide 
and  an  insoluble  metallic  hydroxide.  Some  ferrocyanides  are  re- 
markable for  characteristic  colours,  notably  so  those  of  iron  and 
copper;  others  are  white,  e.g.y  those  of  the  alkaline  earthy  metals,  of 
Zn,  Pb,  Ag,  Hg;  greenish  white,  Ni^FeOyg,  reddish  white,  Co^FeCyg-, 
MnjFeOj'^g.  Potassium  ferrocyanide  is  employed,  on  this  account,  as 
a  useful  reagent  in  the  qualitative  examination  of  metals,  and  is 
especially  useful  in  the  detection  of  iron  and  copper. 

AgNOj  produces  a  white  precipitate  of  silver  ferrocyanide, 
Ag^FeOyg,  insoluble  in  dilute  nitric  acid  and  ammonium  hydroxide, 
soluble  in  potassium  cyanide. 

OuSO^,  added  in  excess,  to  a  solution  of  K^FeCyg,  gives  a  red 
chocolate-coloured  precipitate  of  cupric  ferrocyanide,  CugFeCyg,  whilst 
an  insufficient  amount  of  the  cupric  salt  gives  a  brown  precipitate  of 
di potassium  cupric  ferrocyanide,  KgCuFeCyg. 

FeSO^  gives  a  light  blue  precipitate  of  potassium  ferrous  ferro- 
cyanide, KjFeFeCyg,  thus:  K,FeCyg  +  FeS0^  =  K2FeFeCyg  +  K,S0,, 
which  is  slowly  oxidised  by  exposure  to  the  air,  or  rapidly,  by  oxidising 
agents,  such  as  nitric  acid,  or  chlorine  water,  to  dark  blue  Prussian 
blue. 

Potassium  ferrocyanide  is,  in  fact,  readily  converted  into  potassium 
ferricyanide,  RgFe^Cyj^  (analogous  to  the  conversion  of  ferrous  salts 
into  ferric  salts),  by  various  oxidising  agents,  such  as  chlorine,  nitric 
acid,  potassium  chlorate  and  hj^drochloric  acid,  &c. 

Fe^CIg  gives  an  intensely  blue  precipitate  of  Fe4(FeCyg)3,  called 
Prussian  blue,  thus:  3K,FeCyg  +  2Fe,Clg  =  Fe,(FeCyg)3  +  12KC], 
which  constitutes  at  once  a  most  characteristic  and  delicate  reaction 
for  ferric  salts  and  for  ferrocyanogen  (as  well  as  for  cyanogen,  as  has 
been  already  shown).  This  precipitate  is  insoluble  in  dilute  mineral 
acids,  but  dissolves  in  oxalic  acid  to  a  blue  liquid  (blue  ink),  and  in 
ammonium  tartrate  to  a  violet  liquid,  also  used  as  an  ink.  It  is 
decomposed  by  alkali  hydroxides,  as  well  as  by  calcium,  and  even 
more  readily  and  completely  by  magnesium  carbonate  (magnesite). 
On  boiling  with  mercuric  oxide,  Prussian  blue  is  entirely  decomposed 
into  HgCy,  and  ferrous  and  ferric  oxides,  thus  : 

Fe,(FeOyg)3  +  9HgO  =  9HgCy,  +  3FeO  +  2Fe30,, 

By  adding  an  insufficient  amount  of  Fe^Clg  to  a  solution  of  K^FeCyg 
a  blue  precipitate  is  likewise  obtained,  which  is,  however,  soluble  in 
water,  and  is  therefore  called  soluble  Prussian  blue  (used  for  ink.s). 
It  is  generally  thought  to  be  composed  of  Prussian  blue  combined 
with  potassium  ferrocyanide. 

Concentrated  sulphuric  acid  (about  10  parts  by  weight)  decom- 
poses potassium  ferrocyanide  (1  part  by  weiglit  of  the  dry  salt), 
with  evolution  of  carbon  monoxide  (method  for  preparing  carbon 
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monoxide);   the   nitrogen   of  the  cyanogen,  being  converted  into 
ammonia,  is  retained  as  ammonium  sulphate,  thus  : 

K,FeCy„  +  6H,S0,  +  60H,  =  600  +  2K,S0,  +  FeSO,  + 

All  cyanides,  except  those  of  silver,  are  decomposed  in  the  same 
way. 

When  concentrated  hydrochloric  acid  is  added  to  an  alkali  ferro- 
cyanide,  hydi  oferrocyanic  acid  separates  from  a  cold  solution  as  a 
white  crystalline  powder,  which  turns  blue.  If  ether  be  added  to 
the  solution  of  potassium  ferrocyanide  previous  to  the  addition  of 
the  acid,  it  is  obtained  quite  colourless.  It  is  still  better  when 
gaseous  HCl  is  passed  into  the  ferrocyanide  solution  to  which  the 
ether  has  been  added. 

HYDROFERRICYANIC  ACID,  H,FeCy,,  or  H,Fe0y^-.Potas8iiim_« 
ferricyanide  is  derived  from  K^FeCyg  by  a  process  of  oxidation,  as,^^ 
for  instance,  by  passing  chlorine  into  an  aqueous  solution  of  it,  till  a^n^ 
solution  of  ferric  chloride  no  longer  produces  a  blue  precipitate,  bul^^^ 
imparts  merely  a  brown  coloration  to  the  liquid.  The  change  it^  j 
expressed  by  the  equation  :  2K^FeCy ^  +  CI,  =  K^  Fe,Cyj,  +  2KC1 .  I"  _: j 
is  effected  by  the  abstraction  of  two  atoms  of  potassium  from  tw*     -q 

molecules  of  K^FeCyg.     Two  atoms  of  cyanogen  are  transferred  t  . o 

two  molecules  of  FeCy,,  whereby  the  ferrous  cyanide  is  converto  ^u,jd 
into  ferric  cyanide. 

It  is  also  called  red  prussiate  of  potash,  on  account  of  its  colour- 
Reducing  agents  convert  it  into  potassium  ferrocyanide,  especial       ~2y 
in  alkaline  solutions. 

The  following  are  instances  of    indirect    oxidation  effected  ""^y 
potassium  ferricyanide  : 

SH.2  converts  the  ferri-  into  ferro-cyanide,  with  separation  of  sulphur. 
KI         „  „  ,,  with  precipitation  of  iodine* 

Cr.Pg,  or  its  salts,  in  the  presence  of  KHO,  is  converted  into  CrOj. 
^^0  „  „  „  „  PbOg. 

MnOg. 

SnOn. 


MnO 

SnO 

HoCgO^ 
KCy 

P2O3 
SO, 


I CO2  an< 
JOH^. 

KOC7. 

P2O5. 

SO3. 


NH3  gives  with  RgFe^Cyj^jpotassium  and  ammonium  ferrocyanides, 
with  evolution  of  nitrogen,  thus : 

6KgFe,Cy,,  +  IGNH3  =  OK^FeCy^  +  3NH,FeOyg  +  N,. 

Many  organic  substances,  e.g.,  sugar,  dextrine,  starch,  alcohol,  and 
even  paper,  are  oxidised,  in  the  presence  of  an  alkali,  to  CO,  and 
OH,.     Indigo   is  bleached.      Phosphorus,  sulphur,  and   iodine  ar 
converted  by  the  action  of  KgFe,Cy,„  in  the  presence  of  alkaUe 
^  PO.,  H,SO„  HIO3.  r  ^  v^  ^ 
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Antilogous  to  potasbium  ferrocyanide,  the  ferricyauide  forms 
double  ferricyanides,  by  the  partial  or  entire  replacement  of  the  six 
atoms  of  the  positive  element,  potassium,  by  difiTerent  metals.  The 
following  are  some  of  the  more  important  metallic  feiTicyanides  : 

^e^^fiYir         '  Ba,K,Fe,Cyj,  +  30H,. 

NagFe^Cyi,  +  ^^'  FejFe^Cyi,  (Turnbull's  blue). 

Ca3Fe,Cy,,  +  GOH^. 

Dry  Reactions. 

Potassium  ferricyanide  is  decomposed  upon  ignition,  yielding 
cyanogen  and  nitrogen,  and  leaving  a  residue,  consisting  of  potassium 
cyanide,  potassium  ferricyanide,  Prussian  blue,  paracyanogen,  carbon, 
a.nd  iron. 

Reactions  in  Solution. 

A  solution  of  potassium  ferricyanide  may  be  used. 

The  alkali  ferricyanides  are  readily  soluble  in  water.  The  others 
£tre  mostly  insoluble. 

AgNOj  produces  an  orange-coloured  precipitate  of  silver  ferri- 
Ciyanide,  Ag^FogOyj^,  insoluble  in  dilute  nitric  acid,  but  readily  soluble 
in  ammonium  hydroxide  and  potassium  cyanide. 

FeSO^  gives  a  blue  precipitate  (Turnbull's  blue)  of  FegFcgCy,,, 
ferrous  ferricyanide,  which  is  decomposed  by  potassium  hydroxide 
into  potiissium  ferrocyanide  and  ferroso-ferric  hydrate  or  hydroxide: 

¥e,¥eJOy,,  +  8KH0  =  2K,FeCy6  +  FejO^.^OH,. 

Fe,Clg  produces  no  precipitate,  but  gives  a  brownish  coloration. 
The  behaviour  of  potassium  ferro-  and  ferri-cyanide  with  iron  salts 
ciistinguishes  between  ferrous  and  ferric  salts. 

MYDROCOBALTICYANIC  ACID,  H,00,Cy,,.— Solutions  of  co- 
l>altous  salts  are  precipitated  by  KCy.  The  precipitate  consists  of 
fiesh-coloured  or  cinnamon-brown  cobaltous  cyanide,  CoCy^.  Excess 
Kyi  potassium  cyanide  rapidly  dissolves  the  precipitate,  forming  a 
:i7eadily  decomposable  double  cyanide,  Co(Cy)j,(KCN)j^,  which  on  boil- 
ing in  the  presence  of  HCy  is  converted  into  a  difficultly  decompos- 
able double  cyanide,  analogous  to  potassium  ferricyanide,  with 
evolution  of  hydrogen,  thus  : 

2Co(0N),  +  8KCN  +  211,0  =  K,Co,(CN),,  +  2KH0  +  H,. 

This  double  cyanide  is  of  interest,  as  its  production  afibrds  one 
means  of  separating  cobalt  from  nickel,  both  qualitatively  and 
quantitatively. 

The  free  acid  can  be  obtained  from  copper  cobalticyanide  by  the 
action  of  SH,.  It  is  soluble  in  water  and  alcohol,  and  is  not  decom- 
posed by  boilmg  with  water  or  even  fuming  nitric  acid,  and  dissolves 
zinc,  with  eyplution  of  hydrogen. 
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CYANIC  ACID,  or  Carbimide,  HCNO.— Obtained  in  the  form  of 
potassium  cyanate  by  the  oxidation  of  KOy.  This  salt  is  very  stable 
when  heated  by  itself,  but  deliquesces  in  the  air,  and  is  broken  up 
by  water  into  an  acid  carbonate  and  ammonia,  thus  : 

KOOy  +  20H,  =  HKOO,  +  NH,. 

Potassium  cyanate  is  invariably  found  in  commercial  potassium 
cyanide. 

Potassium  cyanate  can  be  obtained  by  the  oxidation  of  potassium 
ferrocyanide  in  several  ways.  A  simple  method  is  to  melt  eight 
parts  of  dry  K^Fe(CN)g  with  three  of  K,COj,  and  when  the  mass  is 
just  melted  stir  in  gradually  fifteen  parts  red  lead.  The  mass  is 
kept  in  fusion  and  stirred,  so  that  the  reduced  lead  may  sink,  and 
the  melted  KCNO  then  poured  on  a  plate  or  tile. 

Reactions  in  Solution. 

The  cyanates  of  the  alkalies,  alkaline  earths,  and  a  few  metallic 
oxides  are  soluble  in  water,  but  decompose  rapidly,  with  evolution 
of  ammonia.  The  silver,  lead,  mercurous,  and  cupric  cyanates  are 
insoluble  in  water. 

Ammonium  cyanate,  NH^CNO,  undergoes  a  molecular  change 

NH 
into  urea,  CO^^t*,  by  simply  warming  its  solution. 

AgNOj  produces  with  potassium  cyanate  a  white  precipitate  of 
silver  cyanate,  AgOCy,  soluble  in  ammonium  hydroxide,  and  in  dilute 
nitric  acid  ;  AgCy  is  insoluble  in  nitric  acid. 

Moderately  concentrated  sulphuric  or  hydrochloric  acid  decom- 
poses KOCy,  with  liberation  of  HOCy,  which  affects  the  eyes  most 
painfully,  and  is  recognised  by  its  pungent  odour,  resembling  that 
of  strong  acetic  acid  ;  a  portion  of  the  liberated  acid  is,  however, 
decomposed  at  once  by  water  into  CO^  and  an  ammonium  salt, 
thus:  2KOCy  +  2H,80,  +  20H,  =  2CO,  +  K,SO,  +  (NH,),SO„  and  it 
is  by  testing  for  ammonia  in  the  residue  from  the  reaction  that  the 
presence  of  HCyO  can  be  shown  under  certain  conditions.  Part  of 
the  acid  polymerises  into  cyanuric  acid. 

A  number  of  cyanates  of  heavy  metals  decompose  on  heating  into 
COg  and  cyanimide  salts— e.gr.,  Ca(CN0)3  =  CaCN,  +  CO,. 

SULPHOCYANIC  or  THIOCYANIC  ACID,  HSCy,  is  obtained  in 
combination  with  potassium  by  heating  KCy  with  sulphur  or  a 
metallic  sulphide.  Hence  the  usefulness  of  potassium  cyanide  for 
reducing  metallic  sulphides  in  blowpipe  reactions.  It  also  combines 
with  sulphur  when  in  solution. 

Allyl  sulphocyanate  is  present  in  mustard  seed ;  the  urine  of  a 
good  many  animals  contains  small  but  constant  amounts  of  SON 
pompounds. 

C/Sj,  heated  with  alcoholic  NH3  solution 

=  OS,  +  4NH3  =  CKSNH,  +  (NH,)jS. 
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Owing  to  this  method  of  formation  it  is  found  in  the  ammonia 
water  from  coal-gas  manufacture. 

Sodium  amide,  NaNH,,  is  produced  by  the  action  of  sodium  on 
immonia  gas.     This  when  acted  on  by  OS,  gives : 

NaNH,  +  CS,  =  NH,OSNaS, 

which  breaks  up  into  CNSNa  and  H^. 

The  free  acid  can  be  obtained  in  solution  by  decomposing  Hg(SCN)2 
with  SHg.  It  is  a  colourless  liquid  which  rapidly  decomposes,  some- 
times explosively.  A  solution  in  water  also  decomposes  rapidly  unless 
very  dilute.  The  dilute  acid  produces  a  red  mark  on  paper  which 
disappears  on  warming  or  after  some  time. 

Warmed  with  dilute  HjSO^,  a  sulphocyanate  gives  off  COS, 
carbon  oxysulphide,  and  an  ammonia  salt  remains  dissolved.  Organic 
acids,  as  acetic,  give  an  amide,  or  nitrile,  and  COS. 

KSCN  +  2CH3CO,H  =  KO,CCH,  +  COS  +  CH,CONH„ 

Acetamide. 
which  again  may  give  OH3CN  +  H,0. 
Acetonitrile. 

Chlorine  produces  from  water  solutions  of  sulphocyanates  a  bright 
yellow  precipitate  of  (SCN),,  pseudo-sulphocyanogen.  AgCl  is  con- 
verted completely  into  AgSCN  on  contact  with  a  soluble  sulpho- 
cyanate, and  is  consequently  the  best  precipitant  for  SCNH,  and  is 
used  for  quantitative,  volumetric,  purposes. 

Dry  Reactions. 

KCyS  can  be  fused  out  of  contact  with  the  air  without  under- 
going decomposition.  It  turns  first  brown,  then  green,  and  lastly 
indigo- blue,  but  becomes  again  colourless  on  cooling.  In  contact 
with  the  air,  KCyS  is  converted  into  cyanate  and  sulphate,  with 
disengagement  of  SO,.  The  sulphocyanates  of  the  heavy  metals  are 
decomposed  upon  ignition,  CS,  being  given  off  at  first,  and  on  raising 
the  temperature  a  mixture  of  nitrogen  and  cyanogen  is  evolved, 
whilst  a  metallic  sulphide  is  left : 

40u,S,Cy,  =  N,  +  3C,N,  +  2CS,  +4CuS. 

Ammonium  sulphocyanate,  on  heating  in  a  closed  vessel,  gives 
Bome  very  complex  resolution  products. 

teaetions  in  Solution. 

A  solution  of  ammonium  sulphocyanate,  NH^SC^N,  is  used. 

AgNO,  produces  a  white  curdy  precipitate  of  silver  sulphocyanate, 
LgOyS,  insoluble  in  water  and  in  dilute  adds ;  it  is  soluble  in  ammo- 
ium  hydroxide,  from  which  it  crjrstallises  out  on  evaporation.  If 
[le  ammonium  hydroxide  is  considerably  diluted,  the  SCyAg  will  not 
ppreciably  dissolve,  and  AgCl  and  AgCy  may  be  identified  in  the 
reeence  of  SCyAg  by  this  means.  It  is  also  soluble  in  AmSCy  or 
ISOy,  forming  a  double  sulphocyanate,  SCyAg,SCyK,  from  which 
ater  or  hydrochloric  add  predpitates  silver  sulphocyanate. 

20 
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CiiSO^  gives  a  black  crysti\lline  precipitate  of  cupricsulphocyanate, 
CiiSjCyj,  which  ia  converted  into  white  cuprous  sulphocjanate, 
CUjSjCy,,  by  the  action  of  sulphurous  acid. 

Fe^Clg  produces  an  intensely  red  solution,  owing  to  the  formation 
of  a  soluble  ferric  sulphocyanale,  Fe,(SCN)g.  Alkali  sulphocyanates 
are  most  delicate  reagents  for  ferric  salts.  This  reaction  serves  also 
for  the  detection  of  sulphocyanogen  and  hydrocyanic  add.  The 
blood-red  colour  is  destroyed  by  HgCl,.  On  introducing  some  metallic 
zinc  into  the  blood -red  solution,  SH^  is  evolved. 


\ 


QUALITATIVE  ANALYSIS. -Tabulated  Plan. 


GENERAL  REMARKS. 

The  student  is  recommended  to  most  carefully  read  these 
general  rema/rka^  for  by  careful  attmtion  to  the  points  men- 
tioned  the  analytical  work  will  he  greatly  facilitated. 


A  PRELIMIXAB7  "  dry "  examination  of  the  substance  under  analysis 
should  never  be  omitted  before  proceeding  to  the  examination  for 
bases  in  solution. 

Apart  from  the  deductions  to  be  drawn  from  the  external  pro- 
perties of  the  substance,  such  as  its  colour,  shape,  gravity,  odour,  &c., 
the  detection  of  certain  substances  in  a  preliminary  examination  will 
frequently  modify  the  course  of  analysis  to  be  pursued  in  solution. 

For  example,  if  organic  matter  has  been  found  by  the  dry  exami- 
nation,  the  filtrate  from  Group  II.  should  be  evaporated  to  dryness, 
and  the  residue  ignited  sufficiently  to  destroy  any  such  organic 
compounds  as  sugar,  tartaric  or  citric  acids,  which  prevent  the  pre- 
cipitation of  some  of  the  metals  in  the  third  group. 

But  this  process  of  ignition  if  carried  too  far  renders  certain  bases 
insoluble,  e.^.,  Al^Oj,  FejO,,  CrjOj,  (kc,  as  well  as  silica.  This  would, 
entail  a  separate  analysis  of  the  residue  so  obtained.  If,  therefore, 
the  preliminary  examination  has  established  the  absence  of  organic 
matter,  it  is  better  not  to  ignite  here. 

If  double  cyanides  have  been  indicated,  it  is  advisable  to  ascertain 
whether  there  are  any  present  that  would  interfere  with  the  analysis 
in  the  ordinary  way. 

A  reasonable  economy  in  the  amount  of  substance  used  for 
analysis  should  always  be  observed,  and  sufficient  of  the  original 
solid  or  liquid  kept  to  confirm  or  to  correct  doubtful  results. 

The  parity  of  the  reagents  used  is  a  point  that  is  too  often 
n^leeted ;  alumina  is  often  entered  in  an  analysis  because  the  sodium 
hydroxide  used  may  have  contained  it,  or  iron  because  fragments  of 
rust  from  iron  apparatus  have  fallen  into  the  solution.  It  should  also 
be  remembered  that  ordinary  filter-paper  is  not  free  from  impurities, 
Hme,  magnesia,  iron,  <kc. ;  accordingly,  where  any  pretension  is  made 
to  strict  accuracy,  paper  that  has  been  carefully  washed  with  dilute 
bjrdrochloric  and  nitric  acids  should  be  employed. 
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The  term  '*  addition  in  excess "  is  frequently  misunderstood  by 
beginners. 

It  should  be  remembered  that  after  a  suiiicient  quantity  of  the 
reagent  has  been  added  any  further  addition  dilutes  the  solution,  and 
may  retard  the  reaction  or  commence  a  re-solution  or  other  secondary 
reaction. 

With  properly  prepai-ed  "normal  reagent  solutions,"  equal 
volumes  should  complete  the  reaction  in  any  case,  and  more  is  an 
excess.  Generally  half  as  much  again  may  be  taken  as  a  fair  excess 
quantity  above  that  actually  needed.  With  normal  solutions  (see 
Appendix),  say  of  HCl  and  NH,,  1  c.c.  of  each  will  just  neutralise 
each  other,  and  IJ  c.c.  of  HCl  would  be  an  excess  of  the  acid. 

When  preparing  a  substance  for  analysis  the  smallest  possible 
quaniiti/  of  acid  should  he  iised  to  bring  it  into  solution  (of  course, 
the  solution  must  be  left  slightly  acid  in  order  to  separate  the  second 
group).  The  presence  of  much  strong  acid  necessitates  a  considei-able 
(iilution  with  water,  evaporation  of  the  gieater  part  of  the  acid,  or  a 
partial  neuti-alisation  with  ammonia,  before  the  removal  of  the  metals 
of  the  second  group  can  be  effected.  H^S,  for  example,  completely 
fails  to  precipitiite  Cd  if  much  free  acid  is  present. 

Even  in  working  through  the  sepai-ate  groups,  unless  care  be 
exercised,  the  volume  of  the  liquid  becomes  inconveniently  large, 
and  it  is  no  uncommon  occurrence  to  see  beginners  working  with 
large  beakers  half  full  of  liquid,  whereas  the  largest  vessel  used  in 
an  ordinary  qualitative  analysis  ought  to  be  a  test-tube  or  a  two- 
ounce  flask,  or  one  of  the  large  test-tubes  called  boiling  tubes. 

Evaporation  between  groups  is  sometimes  advisable,  and  generally 
has  to  be  caj-ried  out  after  Group  II.,  before  proceeding  to  the 
examination  for  metals  in  Group  III.  When  soluble  silicates  or 
organic  matter  is  present  evaporation  must  be  caiTied  to  com- 
pletion. 

It  is  essential  in  making  separations  to  test  a  little  of  esch 
filtrate  with  more  of  the  reagent  which  has  given  a  precipitate, 
otherwise  precipitation  may  be  incomplete  and  cause  grave  trouble 
in  subseciuent  operations.  This  is  specially  necessary  with  H^S  in 
Group  II. 

The  thorough  ivashing  of  precipitates  in  an  analysis  must  be 
strictly  attended  to  where  indicated,  particularly  between  the 
groups  and  subdivisions  of  the  groups,  or  traces  of  one  group  may 
be  retained  in  the  precipitate  of  the  preceding  one,  causing  pre- 
cipitates to  appear  in  the  wrong  place,  or  leading  to  the  appearance 
of  small  quantities  of  other  substances  when  such  are  not  actually 
present.  This  must  be  attended  to  ;  many  errors  arise  from  neglect 
of  sufficient  washing. 

Economy  in  time  may  be  attained  by  judicious  arrangement  of 
an  analysis,  as  many  of  the  operations  can  be  carried  on  simul- 
taneously. 

Care  must  be  taken  to  label  the  tube  or  vessel  the  contents  of 
which  are  not  to  be  proceeded  with  at  once. 

The  student  must  use  his  discretion  as  to  the  quantity  of  the  sub- 
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stance  or  liquid  to  be  taken  for  the  examination  of  bases  in  solution, 
and  for  this  no  general  rule  can  be  laid  down  ;  in  substances 
where  comparatively  small  quantities  of  one  base  are  expected  to 
be  present  with  large  quantities  of  another,  more  of  the  original 
substance  must  be  taken ;  or  where  the  supply  at  the  disposal  of  the 
student  is  large,  the  trace  may  be  sought  for  in  a  separate  and  larger 
portion  of  the  original  substance,  after  removal  of  the  bases  already 
detected  by  the  appropriate  group  agents. 

Heavy  precipitates  entail  much  washing,  an  operation  which  is 
tedious,  but  quite  indispensable. 

Lastly,  it  is  almost  unnecessary  to  remark  that  strict  cleanliness 
must  be  observed  in  all  apparatus  used  for  analysis,  as  there  is 
nothing  more  annopng  than  to  remember  at  the  end  of  an  analysis, 
otherwise  carefully  conducted,  in  which  unexpected  results  have  been 
obtained,  that  these  may  have  been  due  to  carelessness  in  this 
matter. 

All  reagent  bottles  must  be  replaced  immediately  after  using, 
and  as  little  loose  apparatus  permitted  on  the  working  bench  as 
possible. 

All  results,  whether  positive  or  negative,  must  be  entered  in  the 
note-book  as  obtained,  and  before  passing  to  the  next  experiment. 

At  the  end  of  the  exercise  the  results  should  always  be  discussed 
and  the  special  reactions  and  tests  looked  up  before  making  a  final 
report. 
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EXAMINATION  OF  AN  UNKNOWN  SUBSTANCE. 

1st.  The  substance  under  eocaminatiooi  may  be  a  liquid, — Examine 
it  by  means  of  well-prepared  test-papers.  The  liquid  may  be 
neutral. — This  excludes  a  large  number  of  substances,  since  the 
greater  proportion  of  normal  salts  of  the  metals  possess  an  acid 
reaction.  The  liquid  gives  an  acid  reaction. — This  may  arise  from 
a  free  acid,  or  from  the  presence  of  a  normal  salt  having  an  acid 
reaction,  or  from  an  acid  salt. 

The  solution  possesses  an  alkaline  reaction — showing  the  pre- 
sence of  a  salt  of  alkaline  reaction,  of  free  alkab'es^  or  alkaline 
earths,  and  of  cyanides  or  sulphides  of  the  alkalies  or  alkaline  earthy 
metals. 

Evaporate  a  portion  of  the  liquid  to  dryness,  on  a  watch-glass,  or 
platinum  foil,  and  test  the  vapours  evolved  with  blue  and  red  litmus 
papers,  and  also  by  cautiously  smelling  them. 

If  no  residue  is  left,  and  the  vapours  have  no  action  on  litmus 
and  no  odour,  the  liquid  consisted  of  pure  water.  Many  organic 
hquids  would  also  evaporate  without  effect  on  litmus,  but  would 
have  a  characteristic  odour,  and  frequently  are  inflammable  (alcohol, 
acetone,  &c.). 

Acid  vapours  are  evolved — showing  the  presence  of  some  volatile 
acid. 

Alkaline  vapours  are  evolved. — These  will  most  probably  have  the 
characteristic  odour  of  NH,,  arising  from  either  a  solution  of  the 
gas  itself  or  possibly  the  decomposition  of  certain  of  its  salts,  such 
as  the  sesqui-carbonate,  or  from  amines,  such  as  anilin,  &c. 

A  residue  is  left. — This  will  generally  consist  of  salts  originally 
present  in  solution.  Certain  salte  of  organic  acids  will  char,  fre- 
quently leaving  a  residue  which  effervesces  with  a  drop  of  acid, 
indicating  organic  acids  in  combination  with  the  metals  Ba,  Sr, 
Ca,  Mg,  K,  or  Na).  A  sufficient  quantity  of  the  residue  for  ex- 
amination by  the  preceding  dry  tests  should  be  obtained  by  evapo- 
ration. 

2nd.  The  substamce  under  examination  may  be  a  solid. — If  it  occur 
in  large  pieces,  or  in  the  form  of  a  coarse  powder,  it  should  first  be 
reduced  by  mechanical  means  to  as  fine  a  powder  as  possible. 

Natural  silicates  and  compounds  which  are  decomposed  with 
difficulty  by  acids  are  finely  powdered  in  an  agate  mortar  and,  if 
necessary,  sifted.  The  coarse  particles  niust  then  be  ground  again 
till  the  whole  of  the  substance  is  obtained  in  an  equally  fine  state  of 
division. 

Ascertain  whether  the  solid  substance  is  wholly  or  in  part  soluble 
in  water.  This  is  done  by  boiling  about  a  gram  of  it  in  distilled 
water,  allowing  the  undissolved  portion  to  subside,  and  evaporating 
a  few  drops  of  the  quite  clear  water  to  dryness  on  a  watch-glass. 
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The  residue  iDsoluble  in  water  is  next  treated  with  dilute  hydro- 
chloric acid,  and  heated  for  some  time  to  boiling. 

If  the  substance  is  not  completely  dissolved  by  these  means,  it  is 
best  to  take  a  fresh  quantity  in  a  test-tube,  pour  over  it  two  or  three 
cubic  centimetres  of  concentrated  hydrochloric  acid,  and  then  to  boil 
until  half  the  acid  has  evaporated  away.  Water  is  added,  the  con- 
tents of  the  tube  are  warmed,  and  if  a  residue  remains  it  may  be 
treated  again  in  the  same  way.  What  fails  to  dissolve  by  this  method 
should  be  regarded  as  insoluble  unless  the  residue  is  known  by  its 
appearance,  or  by  the  preliminary  examination,  to  contain  something 
that  would  dissolve  in  aqua  regia,  HCl  +  HNO3.  In  this  case,  treat 
the  residue  with  aqua  regia,  boil  off  the  acids,  and  add  the  solution 
to  the  hydrochloric  solution.  Nitric  acid  or  aqua  regia  should  never 
be  used  unless  it  is  certainly  knovsm  that  they  will  be  advantageous 
— e.g.^  with  metals. 

The  residue  insoluble  in  water  and  acids  should  be  carefully 
washed  with  distilled  water,  dried,  and  then  mixed  with  four  times 
its  weight  of  dry  NsjCOg  and  KjCOj  (fusion  mixture)  and  fused. 
The  fusion  is  best  performed  in  a  platinum  vessel,  provided  the 
insoluble  residue  contains  no  metals  capable  of  forming  alloys  with 
platinum.  This  can  be  readily  ascertained  by  an  examination  of  a 
portion  of  the  residue  in  the  dry  way. 

It  should  be  borne  in  mind  that  only  barium  and  strontium 
sulphates ;  silver  chloride ;  SiO,,  and  many  silicates ;  native  or  ignited 
AljOg  and  alumina tes ;  ignited  Cr^Og  and  FcgOj ;  chrome  iron  ore  ; 
SnOg  (ignited  or  as  tinstone)  ;  ignited  Sb^O^  (a  few  metapbosphates 
and  arsenates) ;  CaF^,  and  a  few  other  native  fluorides ;  sulphur  and 
carbon,  as  charcoal  or  graphites,  can  be  present  in  the  insoluble 
residue. 

Silver  compounds  in  general  are  changed  into  AgCl  by  boiling 
with  aqua  regia,  and  AgCl  can  be  easily  removed  from  an  insoluble 
residue  by  means  of  ammonium  hydroxide.  • 

The  examination  of  a  residue  requiring  fusion  with  alkali 
carbonates  is  invariably  conducted  separately.  The  fused  mass  is 
boiled  with  water  and  filtered  ;  the  part  insoluble  in  water,  con- 
taining the  base  in  the  form  of  a  carbonate  (oxide  or  metal),  is 
dissolved  in  HCl.  The  aqueous  extract  is  examined  for  such  acids 
as  would  form  insoluble  compounds  with  the  bases  found,  as  well  as 
for  silica. 

Alloys  should  be  got  into  suitable  form  for  solution  either  by 
rolling  down  into  foil,  drilling,  or  filing.  Some  alloys  are  so  brittle 
that  they  may  be  readily  powdered.  Treat  a  small  portion  with  h 
mixture  of  one  part  strong  nitric  acid  and  one  part  of  water.  Should 
the  whole  dissolve,  Sn  and  Sb  are  absent,  also  Au  and  Pt. 

If  a  white  residue,  indicating  Sn  and  Sb,  is  obtained,  the  alloy 
should  then  be  treated  with  1  to  1  HCl.  Sb  is  almost  completely 
insoluble  in  such  acid,  whilst  Sn  easily  dissolves.  If  the  residue 
from  nitric  acid  is  dark,  it  may  consist  merely  of  small  particles  of 
carbon  (from  the  preparation  of  the  alloy),  or  ci  finely  divided  Au 
or  Pt,  both  of  which  may  be  dissolved  in  aqua  regia,  HOl  +  HNO,. 
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Alloys  are  best  dissolved  in  a  small  flask,  having  a  small  funnel 
placed  in  the  neck.  Usually  a  considerable  excess  of  acid  has  to  be 
employed,  and  this  mvst,  after  solution  of  the  metal,  be  removed  by 
evaporation. 

Cyanogen  compounds  are  treated  of  after  the  tables  for  the 
separation  of  the  metals. 

As  they  can  all  be  decomposed  by  heating  to  redness  in  an  open 
dish,  the  metals  previously  in  combination  can  be  sought  for  in  this 
ignited  residue. 


N.B. 

KEEER  TO  THESE  "NOTES"  TO  GENERAL  TABLE. 
{See  reference  numbers  in  Table.) 

1 .  If  chromium  has  been  indicated  in  the  preliminary  examination, 
^nd  the  solution  or  substance  has  a  yellow  or  orange  colour,  make  a 
^I'esh  solution  by  boiling  with  a  little  concentrated  HCl  and  diluting, 
^^hether  the  substance  is  soluble  in  water  alone  or  not. 

2.  If  cyanogen  has  been  detected  in  the  preliminary  examination, 
^^  is  advisable  to  test  a  portion  of  the  original  substance  for  double 
^Ta.iiides  before  proceeding  in  the  usual  way. 

3.  If  iodine  or  bromine  is  present,  the  solution  or  substance 
should  be  boiled  with  aqua  regia  until  it  is  eliminated  before  passing 
^>i  to  Group  II. 

4.  If  the  original  substance  had  to  be  dissolved  in  HCl,  SH^  may 
'^®  passed  at  once. 

5.  In  a  saturated  solution  of  a  barium  or  sodium  salt  HCl  pro- 
duces a  white  precipitate,  which  may  redissolve  in  hot  water.     Such 
P'^ecipitates,  however,  are  never  produced  in  a  properly  prepared 
^^lution.     From  an  alkaline  solution  HCl  may  precipitate  Si(HO)^ 
(gelatinous),  benzoic  and  uric  acids  (crystalline),  also  Sb^O^  (amor- 
pbous).     Metallic  oxides,  such  as  A\fi^,  and  metallic  sulphides,  such 
^*4   ASjSj,  Sb^g,  SbjSj,  SnS,  and  SnS^,  which  dissolve  in  alkali  or 
^Bamonium  hydi*oxides,  or  ammonium  sulphide,  may  likewise  be  pre- 
cipitated on  the  addition  of  HCl  to  a  solution  that  is  alkaline,  and 
^I'e  best  examined  separately. 

G.  Oxychlorides  of  Bi,  Sb,  or  Sn  may  be  precipitated  on  the  first 
^^dition  of  dilute  HCl  or  water,  but  are  readily  redissolved  on  the 
^dition  of  more  acid  and  gently  heating,  or  the  precipitate  may  be 
^sregarded  if  the  metals  of  Group  I.  are  absent,  since  SH,  readily 
converts  the  finely  divided  oxychlorides  into  the  corresponding 
inetallic  sulphides. 

7.  If  arsenic  has  been  detected  in  the  preliminruy  examination, 
tbis  filtrate,  which  may  contain  pentad  arsenic,  should  be  boiled  with 
a  solution  of  sulphurous  acid,  and  the  acid  solution  evaporated  con- 
siderably to   expel   the  SO,.     Ba,  Sr,  Pb,  when    present,  may  be 

21 
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precipitated  either  partly  or  wholly  as  sulphates,  and  in  this  case 
reduction  by  boiling  with  alcohol  and  HCl  should  be  resorted  to. 

8.  SH,  often  produces  merely  a  precipitation  of  sulphur,  owing 
to  the  prej^euce  of  oxidL^ing  agents  such  as  01,  Br,  I,  H^SOj,  HNO„ 
HNOy  UCIO,  HCIO,,  H,CiO„  or  ferric  salts.  This  precipitate  is 
easily  distinguished  by  its  being  white  and  remaining  suspended  in 
the  solution.  It  may  be  filtered  off  and  neglected.  A  brick-red 
prei'ipitate  of  Pb^SCI,  often  comes  down  from  strongly  acid  solutions 
if  they  have  not  been  sufficiently  diluted  with  water.  Cadmium  is 
very  often  left  in  solution  if  too  much  acid  is  present. 

IK  tSHj  should  be  piissed  once  more  through  the  filtrate  to  make 
sure  of  the  complete  precipitation  of  all  the  metals  of  Group  II.,  and 
it  is  advisable  to  dilute  a  few  drops  with  four  or  Jive  times  their  volume 
of  inU^r  and  ivjain  jxiss  SH^.  If  this  further  dilution  enables  SH, 
to  give  more  precipitate,  the  whole  solution  must  be  so  treated. 

10.  It  is  possible  that  this  SiO,  may  be  mixed  with  other  sab- 
stiuices,  e.</.,  AUG,,  Cr^O,,  Fe,Oj  (rendered  insoluble  by  strong 
ignition),  BaSO^,  8r80^,  in  which  case  it  is  necessary  to  examine  it 
sepiirately. 

11.  If  ii*on  is  present,  the  NH^HO  precipitate  should  be  of  a 
good  i*e«idish  brown  colour,  but  when  manganese  is  present  some 
quantity,  in  the  form  of  hydrated  oxide,  accompanies  the  iron,  when 
.the  pivcipitate  is  distinctly  brownish  red.  It  is  because  of  the  lia- 
bility of  Mn  to  acvompany  the  Fej(HO),that  the  instruction  is  given 
to  filter  cjuickly.  Should  Mn  have  been  indicated  in  the  prelimi- 
nary  examination  and  the  precipitate  also  show  indications  of  its 
presence,  it  should  be  redissolved  in  HCl,  quickly  reprecipitated  by 
ammonia,  and  i*apidly  filtered,  repeating  this  again  if  stOl  brownish 
reil.  Ma<t  (though  not  all)  of  the  manganese  will  be  found  in  the 
filtrate,  which  should  be  mixed  with  the  preceding  filtrates. 

1  '2.  Small  quantities  of  borates  and  fluorides  of  the  alkaline  earthy 
metals  niav  likewise  be  pi'eoipitateil.  but  need  not  be  examined 
further,  since  their  bases  will  be  detected  in  Group  IV.,  and  th^ 
aciils  on  examining  in  the  usual  way  for  acids. 

lo.  If  ammonia  is  present  in  excess  (as  is  usually  the  case),  or 
yellow  ammonium  sulphide  is  employed,  the  filtrate  will  most  likely 
be  dark-coloured  if  Ni  is  present  {see  p.  143).  This  is  an  excelleu* 
indication  of  the  pi*esence  of  Ni.  The  dissolved  XiSmay  be  removed 
by  boiling  down  the  filtn\te  in  a  dish  before  proceeding  further. 

14.  The  solution  must  not  be  boiled,  since  the  NH^Cl  by  doubU 
decomposition  dissolves  the  alkaline  earthy  carbonates,  forming 
chlorides  of  these  metals  and  ammonium  carbonate,  which  volatilise^ 
with  the  aqueous  vapour. 
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A  COURSE  OF  PRACTICAL  CHEMISTRY. 


Table  I.— SEPARATION  OF  THE  METALS 
Attend  most  carefully  to  Ik 


Precipitate  may  contain  PbClo.  AgCl,  Hg^Cla  (Note  1,  General  Table). 


The  SOLUTION  may  contain  PbClo.  The  white  residue  may  consist  of  AgCl, 

On   cooling   white  acicular   crystals   fall   out. 

Confirm  by  adding  Kolation   of   KjCrOj.     A  '  ^  I 

yellow  precipitate  indicates  '  The  SOLUTION  may  contain  AgCl ;  acidulate 


PRE8KNCE   OK   Pb. 


with  HNO3. 
A  white  curdy  precipitate  indicates 

Pbbsencb  of  Ag. 


Table  IT.— SEPARATION  OF  THE  METALS  0) 


The  precipitate  may  contain  HgS,  PbS,  Bi  ,S.„  Cu8,  CdS,  SnS,  Sn&2,  SbgSj,  SK^Sj,  AsgSj.     (An 
the  precipitate  until  fee  from  HCl ;  boil  with  sodium  hydroxide 


Kesidue.— Wash  well  andiwarm  for  some  minutes  with  HNOj,  diluted  with  ils  own  volume  of 
water,  until  all  action  ceases.     Dilute  and  filter. 


Kesidue  consists 
of  HgS  and  S  or 
ofSonly(F.N.2). 
To  confirm,  (dis- 
solve the  black 
residueinalittlc 
aqua  regia,  boil 
off  free  chlorine, 
neutralise  with 
NaHO,  acidify 
with  HCl,  and 
introduce  a  strip 
of  bright  metal- 
lic copper  into 
the  solution.  It 
becomes  white 
or  silvered. 

iNDicATKS  Pre- 
sence of  Hg. 


Solution— Add   dilute  HoSOj  as  long  as  a  precipitate   is   produced; 
cool  add  an  equal  bulk  of  alcohol  (F.N.  3) ;  filter. 


PRKC'II'ITATH 

con.si>ts  of 
I'bSOj.  r.oil 
with  ani- 
ni  o  n  i  u  ni 
a  c  e  ta  t  e  . 
and  add 
K  ._.  (  r  O  4  . 
Yellow  pre- 
cipitate 

Confirms 
Pb. 


Solution.— Boil    off    the 
NH4OH  ;  boil  and  filter. 


The  Precipitate 
consists  of 
Bi{H0).5.  Dis- 
solve, off  the 
paper,  in  a  feir 
drops  of  dilute 
HCl  and  pour 
the  solution  drop 
by  drop  into  250 
or  300  c.c.  water. 
A  white  precipi- 
tate of  BiOCl  in- 
dicates 

Presence  of  Bi. 


alcohol,     add     excess   of 


The  solution,  divide  into  two  parts. 

1. 
If  blue,  add  KCy 

2. 
Blue  colour  indi- 

till   colourless 

cates  Gn.  Add 

and  pass  SH^. 

acetic  acid  till 

A   yellow   pre- 

acid, and  then 

cipitate  of  CdS 

K4FeCy6.      A 

reddish  brown 

Indicates 

precipitate  of 

Presence 

CuaFeCyg 

OP 

Cd. 

INDTCATES  PRB- 

SBNC£  OF  Co. 

F.N.  1.— CuS  is  somewhat  soluble  in  (NH4).3S  and  HgS  in  SNa.,.  It  is  therefore  advisable^ 
If  both  CuS  and  HgS  are  present  dissolve  in  (NH4).2S,  when'a  little  CuS  will  be  found  I 

F.N.  2.— A  little  PbS  may  become  oxidised  and  appear  with  the  HgS  as  PbSOj.     It  mayb 

F.N.  3. — Do  not  add  the  H2SO4  and  alcohol  unless  they  are  shown  to  be  necessary  by  giving' 
sold  by  the  Excise  authorities  gives  a  precipitate  when  mixed  with  water.    A  ooi 

F.N.  4. — If  much  Sb  be  present  it  may  flake  off  the  Ft,  but  a  small  number  of  black  floaty 
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OF  GROUP  I.     (Precipitated  by  HCl.) 
•Footnotes  and  directions. 


Wash  precipitate  on  filter  with  hot  water  till  quite  free  from  PbCl.>. 


'HgjJi^)  heat  gently  with  excess  of  dilute  NH4OH. 


The  BESIDUE  is  black,  consisting  of  NHgHgCl.  Dis- 
solve in  a  little  aqua  regia,  nearly  neutralise,  test 
the  solutiou  with  a  strip  of  bright  metallic  copper. 
Copper  becomes  covered  with  a  grey  deposit,  which 
becomes  silvery  when  rubbed.  Indicates 
Pbesence  of  Hg. 


Caution.— Unless  HCl  be  added  in 
cess,  and  the  solution  gently  hea' 
oxy chlorides  of  Bi,  Sb,  as  well  as 
(likewise  1148104,  indicated  by 
formation  of  a  jelly  or  gelatin 
precipitate)  and  a  few  other  e 
staDces,  may  become  precipitatec 
this  group. 


GROUP  II.     (Precipitated  by  SH^  in  an  acid  solution.) 


and  Ft  raust  be  tested  for  specially  in  a  separate  portion  of  the  filtrate  from  Group  I.) 
or  ammonium  sulphide,  or  sodium  sulphide,  and  filter  (F.N.  1). 


W 


SoiiUTiON  may  contain  As,  8b,  Sn  (Au  and  Ft)  as  sulpbo  salts.  Acidulate  with  dilute  I: 
Af^S^,  SbgS,,  and  SnSg  are  reprecipitated.  Filter  and  wash ;  boil  with  a  little  concentra 
HCl  until  SH2  ceases  to  be  evolved,  add  equal  bulk  H.^O  and  filter. 


Solution. — Four  into  a  porcelain  dish  and  put  into  it  a 
piece  of  platinum  foil  with  a  strip  of  zinc  in  contact 
with  it. 

(a)  A  black  stain  on  Ft  indicates  Sb. 

Ifr)  A  spongy  deposit  on  Zd  indicates  Sn. 
lil  the  remaining  Zn  with  its  adherent  Sn,  and  aUo  any 
floating  particles  (F.N.  4),  with  HCl  diluted  with  its  own 
volume  of  water.  Sb  will  at  most  only  partly  dissolve, 
whilst  all  Sn  will  go  into  solution,  and  may  be  confirmed  by 
adding  HgCIs- 


Residue  contains  the  As 
or  only  sulphur. 

Confirm  As  by  heating 
dried  residue  with  KCy  j 
Na^iCO-i  in  a  bulb  tube.  '. 
if  (NH4)oS  has  been  used 
that  there  is  much  sulp 
in  tliis  residue,  the  Ai 
may  be  dissolved  in  a  li 
aqua  regia  and  Reinsc 
test  applied  ;  that  is  ware 
with  clean  metallic  coppe 
a  test-tube.  A  grey  coat 
indicates  As.  This  coa 
Cu  when  heated  in  a 
test-tube  should  give 
white  crystalline  sublim 

of    ASoO;,. 


iUsolve  the  precipitate  in  the  absence  of  CuS  with  (NH4)2S,  and  in  the  absence  of  HgS  with  SI 
lie  solution. 

Amoved but  this  is  seldom  necessary,  by  warming  the  precipitate  with  ammonium  acetate 

Precipitate  with  a  few  drops  of  the  solution.     The  "  mineralised  '*  spirit  now  required  to 

^eialised  methylated  spirit  or  rectified  spirits  should  therefore  be  employed. 

Wtides  may  arise  from tne  zinc  employed  containing  (Pb), compounds  of  carbon  with  iron,  & 
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A  COURSE  OF  PRACTICAL  CHEMISTRY. 


TABLE  IIIa— SEPARATION  OF  THE  METALS  OF 
GROUP  IIIA.     PRECIPITATED  BY  NH.OH. 

(In  the  absence  of  PkospkaiesJ) 


The  PRKCiPiTATK  con>ists  of  FejHO  ^  (  r^lHO  ^  and  AU<HO)^*  pn*cipitated 
bj  NH4OH  in  the  I'resence  of  NH^Ci.  'Wash  with  hot  water.  Di&tolve  id 
dilate  HCI,  add  aftolution  of  NaUO  in  eices8»  and  IhhI  for  some  time 
Filter  off. 


KK.SIDUK  insoluble. — Drr  and  fase  with  fusion 
mixture  and  nitre  on  plat  in  11  ir.  foil.  Boil  in 
^atcr,  and  filter. 


Re.sidl>l — Dissolve  in 
dilute  HCI,  and  add 
K»FeCv<. 

A  precipitate  of  Fru«*- 
sian  bine  indicates 

PRESKNCE  OF  Fe. 

Test  the  original  HCi 
solution  specially  for 
ferrous  and  ferric 
jron  by  means  of 
K,Ferv«.  K^Je.Cy,... 
or  NH^SCN. 


Solution  yellow.  Con- 
firm by  adding  acetic 
acid  and  lead  acetate. 

Yellow  precipitate  of 
PbCrfV 

Prese^ck  of  Cr. 

Soff. — Traces  of  man- 
gane^e — owing  to  imper- 
fect separation  of  Mn 
from  Fe  bv  precipitation 
with  NH^OH  and  NH4CI 
— are  indicated  by  the 
blui>h  green  colour  of  the 
fused  mass  arising  from 
the  formation  of  an  alkali 
manganate.* 


Solution.  —  Add  jast 
suflScient  litmas  sola- 
tion  to  distinctly  coloar 
thesolotion,  tbenacidn- 
late  with  dilute  HCI. 
and  add  NH4OH  in 
slight  excess,  or  solid 
NH4CI  may  be  added, 
and  the  eolation  boiled. 

A  gelatinoos  i»¥cipitatf^ 
coloured  bine  hy  the 
litmus,  the  solation  it- 
self being  rendered  al- 
most coloorless,  con- 
firms AL 

I         Pbesbncs  of  M, 

Xttte. — If  no  sodinm  hy- 
d- oxide  free  from  alumina 
can  be  olftained,  it  should 
be  made  by  dis-^-olving  a 
little  sodium  in  alcohol, 
adding    water,  and  eva- 

'  porating  in  a  silver  or 
platinum  dish  until  the 
alcohol  has  evaporated. 
Failing  silver  or  platinum 

I  a  nickel  dish  is  quite  safe. 


'  8e%>  also  Note  11.  General  Table. 
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TABLE  IIIb.— SEPARATION  OF  THE  METALS 
OF  GROUP  IIIb. 

{In  the  absence  of  Phoapnates,)    Precipitated  by  (NH.)jS 
or  NH.OH  and  SH,. 

One  of  either  of  the  two  following  methods  may  be  employed  for  this 
separation,  both  of  which  are  based  on  the  same  chemical  reactions.  Method 
I.  is  generally  simpler  than  the  second. 

METHOD  T. 

1'he  Precipitate  may  consist  of  ZnS,  MnS,  NiS,  CoS  (F.N.  1).  Wash  with 
water  containing  a  little  H.2S,  and  then  qnicklj  pour  over  the  precipitate 
HCl  diluted  with  ten  times  its  bulk  of  water. 


The  Solution  contains  the  Zn  and  Mn 
as  chlorides.  Boil  in  a  dish  till  free 
from  H58,  add  excess  NaHO,  boil  well, 
and  filter  (  F.N.  2). 


The  Solution  may 
contain  the  Zn  as 
Zn(ONa).^  Pass 
H.3.  White  pre- 
cipitate confirms 
Zn. 

The  filter  containing 
the  ZnS  may  be 
incinerated,  and 
the  ash  heated 
on  charcoal  and 
moistened  with 
Co(N0.,)2.  Green 
mass  confirms 
Zn. 


The  Uksidue 
turns  dark  on 
the  paper,  indi- 
cating Mn.  Coo- 
firm  by  burning 
the  paper  com- 
pletely on  Pt  foil 
and  examining 
the  residue  by : 

(a)  Borax  bead  ; 

\h)  Fusion  on  Pt 
foil. 


Residue  (F.N.  3). — Dissolve  in 
HCl  and  KCIO;, ;  thoroujrhly  ex- 
pel SH.2 ;  nearly  neutralise  with 
solid  NaoCO;, ;  add  a  solution  of 
KCy,  so  as  just  to  redissolve  the 
precipitate  first  produced.  Boil 
briskly  for  a  few  minutes,  allow 
to  cool  (filter  off  any  slight  pre- 
cipitate), and  add  an  equal  bulk 
or  more  of  a  strong  solution  of 
NaOCl  (F.N.  A);  warm  gently  as 
long  as  a  black  precipitate  forms, 
and  filter. 


Preci  pit  at  k 
consists      of ' 
Ni,(HO)«.    Fil- 
ter  off  and  con- 1 
firm  by  heating  1 
a  small  portion  1 
of  it  on  a  borax 
bead  before  the 
blowpipe  flame. 

A  yellowish  to 
sherry-red  bead 
indicates 

Prkskn'CK  of  Ni 

(F.N.r,). 


The  Solution 
contains  the  co- 
balt as  KgC'O.r 
Cypj.  Kvaj)or- 
atc  a  sm.all  part 
to  dryness  and 
test  the  resi- 
due before  the 
blowpipe  llame 
on  a  borax 
bead. 

A  blue  bead  in 
both  flames  in- 
dicates 

Prksknck  op  Co 

(K.N.  r>). 


528  A  COURSE  OF  PRACTICAL  CHEMISTRY. 


TABLE  IIlK.    METHOD  II. 

The  Precipitate  may  consist  of  ZnS,  MnS,  NiS,  CoS  (F.N.  1).  Wash  off  the 
filter  and  dissolve  the  precipitate  in  dilute  HCl,  with  the  addition  of  a 
small  crystal  or  two  of  KCIO,  if  the  precipitate  is  black.  Boil,  add  NaHO 
in  excess,  boil,  and  filter  after  allowing  to  cool  a  short  time  (F.N.  2). 


TheSoLUTiON  may  The  Insoluble  Rbsidue  may  contain  Md(IIO)o.  CoiHO)^, 

contain    Zn,    as  and  Ni(HO)^     Wash,  dissolve  in  a  little  UCl :  nearly 

Zn(NaO).3.     Add  neutralise  with   NH^OH ;   add   excess    of  ammonium 

SH^.  White  p'-e-  acetate ;    pass  a  rapid   current    of    SH.,    for   several 

cipitate  of  ZnS  minutes  through  the  solution  and  filter.     The  solation 

indicates  should  be  acid  with  acetic  acid. 


Presence 

(F.N.  5). 


OF  Zn 


The  Solution  contains  the 
manganese  as  acetate. 

Add  NH4CI,  NH^OH  and  SH.>. 
or  ammonium  sulphide 
direct  to  the  solution. 

Flesh-coloured  precipitate  of 
MnS  indicates 

Presence  op  Mn  (F.N.  5). 


Residue. — ^Must  be  exa- 
mined for  Ni  and  Co  as 
in  Method  I. 


F.N.  1. — Unless  this  precipitate  is  black,  Ni  and  Co  need  not  be  looked 
for.  Tests  by  fusion  on  Pt  foil  with  fusion  mixture,  and  also  on  charcoal, 
moistening  with  Co(NO.,)o,  may  in  this  case  be  at  once  applied  to  a  little  of 
the  precipitate,  in  order  to  identify  Mn  and  Zn. 

F.N.  '2.  —  Hoiling  alkaline  solutions  are  liable  to  di>integrate  the  paper  of 
thefiltei. 

F  N.  3. — The  residue  may  be  advantageously  examined  on  a  borax  bead. 
If  the  bead  shows  no  trace  of  blue,  Co  need  not  be  examined  for,  since  mere 
traces  of  this  metal  strongly  colour  borax,  ami  even  in  very  small  quantities 
will  completely  mask  the  nickel  coloration. 

F.N.  4. — Strong  bromine  water  with  NaOH  may  be  used  instead  of  NaOCl 
A  bleaching  powder  solution  may  also  be  used.     Also  chlorine  water. 

F.N.  5. — The  p.'ecipitates  should  be  saved  for  final  confirmatory  tests. 
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A  COURSE  OF  PRACTICAL  CHEMISTRY. 


Table  IY.— SEPARATION  OF  THE  METALS  OF 
GROUP  IV. 

(Precipitated  as  carbonates  by  (NH4)2C03.) 


The  Precipitate  consists  of  Ba,  Sr,  Ca,  as  carbonates.     Wash  (F.N.  1),  dissolve 
in  hot  dilute  acetic  acid,  add  K2Cr04  (F.N.  2),  warm,  and  filter. 


A  yellow  Precipitate 
indicates  Ba.  It  is 
BaCr04.  Wash  and 
dissolve  it  in  dilute 
HCl  and  add  HgSOj  ; 
a  white  precipitate  of 
BaS04  confirms 

Pbesencb  op  Ba. 


To  the  Solution  add  (NH4)2S04,  or  dilute  H28O4. 
and  warm  the  solution  for  five  or  six  minutes  by 
standin^r  the  test-tube  in  a  beaker  of  boiling 
water. 


A  fine  granular  Pkkcipi- 
tAte  (F.N.  3),  which 
gradually  increases,  of 
SrS04.  Confirm  by 
heating  on  a  plati- 
num wire  with  HCI.  A 
crimson  flame,  which 
rapidly  fades 

=  Presence  op  Sr. 


To  the  Solution  add  an 
oxalate  or  oxalic  acid 
and  ammonia.  A  white 
precipitate  of  CaC204 
(F.N.  4).  Heated  on  Ft 
wire,  a  red  flame,  per- 
sistent for  some  time, 
indicates 

Presence  op  Ca. 


F.N.  1. — A  little  of  the  washed  precipitate  may  be  dissolved  in  a  drop  or 
two  of  HCl  and  the  flame  tested.  It  is  frequently  possible  to  identify  Ba  and 
either  Sr  or  Ca  when  present  together.  This  can  be  done  with  certainty  by 
aid  of  the  spectroscope  (see  plate,  Spectral  lines,  frontispiece). 

F.N.  2. — It  is  best  to  try  a  portion  only  of  the  solution  with  K2Cr04,  since 
if  no  Ba  is  present  the  whole  of  the  solution  need  not  be  coloured  by  tbe 
chromate. 

F.N.  3. — If  much  calcium  is  present,  a  copious  crystalline  precipitate  mar 
come  down  here.  Such  a  precipitate,  after  waiting  a  few  minutes,  is  filtered 
off  and  warmed  with  a  concentrated  solution  of  (NH4)2S04  and  NH4OH ;  the 
solution  so  obtained  is  tested  for  Ca  with  ammonium  oxalate,  and  the 
insoluble  part  is  tested  for  Sr. 

F.N.  4. — If  a  perceptible  amount  of  Sr  has  been  allowed  to  remain  in  the 
solution  it  will  be  precipitated  here.  It  is  well  to  test  only  a  part  of  the 
solution  for  Ca,  and  if  a  small  precipitate  is  produced,  which  it  is  supposed 
may  be  due  to  Sr,  to  allow  the  remainder  to  stand  for  a  longer  time,  that  the 
SrS04  may  separate  more  completely. 
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Table  V.— SEPARATION  OF  THE   METALS  OF  GROUP  V, 

(Contained  in  the  filtrate  from  (NH4).2C03.) 


The  Solation  may  contain  Mg,  E,  Na.     Divide  it  into  two  parts  (}  and  J). 


Smallfn-  Part, 

Add  HKa2P04,  shake,  and 
allow  to  stand  a  few 
minutes.  A  white  pre- 
cipitate, which  may  be 
slow  in  coming,  and  if 
slow  will  be  crystalline 
and  adhere  to  the  sides 
of  the  tnbe,  especially 
if  it  be  stirred  with  a 
glara  rod,  indicates 

Presence  op  Mg. 


Larger  Part. 

Evaporate  to  dryness  in  a  porcelain  or  platinum 
dish,  and  ignite  until  no  more  fumes  of  am- 
monium salts  are  evolved.  Test  the  residue  on 
a  platinam  wire  in  the  flame.  If  the  flame  be- 
comes IvmiiKyusly  yellow 

Presence  op  Na  is  indicated. 

The  flame  is  coloured  violet — 

Presence  op  K  and  Absknck  op  Na. 

Look  at  the  flame  through  blue  glass.  In  any 
case,  dissolve  the  residue  in  HyO  with  one  drop 
of  strong  HCl,  add  about  1  c.c.  P1OI4,  and 
evaporate  carefully  just  to  dryness.  Add  alcohol 
and  a  little  water  (i^^.N.  1).  Bright  jellow  crys- 
talline residue.     It  is  heavy  and  sinks  readily. 

= Presence  op  K. 


F.N.  1. — If  the  residue  is  whitish  yellow  and  not  heavy,  add  more  water  or 
^C],  dilate.  This  is  likely  to  be  the  case  when  sulphates  or  phosphates  are 
Pt^ent  in  the  original  substance. 
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It  is  well  for  the  student  to  have  a  known  mixture  given  for 
examination  containing  a  few  metals,  and  to  be  required  to  separate 
and  confirm  not  only  by  these  plans,  but  to  be  required  to  construct 
modified  plans  of  analysis  based  on  the  reactions  of  the  metals  given 
in  Chaps.  IX  to  XIII. 

It  will  have  been  noted  that  no  place  has  been  found  in  the 
separation  tables  for  some  of  the  non-metallic  substances,  as  carbon, 
sulphur,  phosphorus,  &c.  These  substances  are  easily  found  in  the 
preliminary  dry  examination. 


EXAMINATION  FOR  ACIDS.     CAUTIONS. 

Before  proceeding  to  the  examination  for  acids,  the  student  will 
do  well  to  consider  carefully  which  acids  can  possibly  be  combined 
with  the  biises  present.  A  perusal  of  the  table  of  Solubility  of 
Salts,  given  in  the  Appe.ndix,  will  materially  aid  him,  and  will 
probably  save  much  labour  and  time.  Some  acids  are  detected  on 
examining  for  bases — viz.,  As^O,,  As^O^,  SiO,  and  HjPO^  in  com- 
bination with  metals  of  Groups  III.. and  IV.;  H^CrO^,  CO,,  SH,, 
H^SOg,  H,Sp3»  CIHO,  HNO„  the  six  lastly  mentioned  acids  on 
dissolving  the  substance  in  dilute  HCl,  or  on  adding  HOI  in 
Group  I.     The  student  should  be  on  the  look-out  for  them. 

A  careful  preliminary  examination  for  acids  will  probably  lead  to 
the  detection  of  a  further  number  of  acids,  e.g.,  of  HI,  HIO,,  HBr, 
HBrO,,  and  HCIO3,  HNO3,  HNO„  HCl,  CIHO,  HF,  HCy,  H,FeCy„ 
HgFe/yy,2,  CyOH,  and  CySH,  acetic,  oxalic,  and  other  organic  acids 
may  likewise  be  indicated.  When  more  than  one  of  these  acids 
is  present,  the  detection  is  somewhat  more  difficult,  and  the  results 
obtained  by  a  preliminary  examination  for  acids  require  to  be  care- , 
fully  confirmed  by  the  examination  of  the  solution. 

Thus,  a  chloride  in  the  presence  of  a  nitrate,  when  treated  with 
concentrated  11^,80^,  evolves  chlorine  and  red  fumes  of  lower  oxides 
of  nitrogen,  and  possibly  nitrosyl  chloride;  in  the  presence  of  a 
chromate  brownish  red  fumes  of  CrO,Cl,. 

When  the  preliminary  examination  gives  no  distinct  indication 
of  the  presence  of  any  of  the  acids  just  mentioned,  H^SO^,  B(HO)j, 
llgPO^,  SiOj,  must  be  looked  for  specially.  A  duoride  with  an  excess 
of  a  borate  does  not  etch  glass.  The  student  must  bear  in  mind  that 
acids  cannot  be  detected  in  quite  the  same  systematic  order  as  bases, 
and  that  he  ought  therefore  never  to  be  satisfied  till  he  has  confirmed 
the  presence  of  acids  by  the  most  characteristic  special  tests. 

At  the  same  time  there  is  a  natural  or  logical  order  of  procedure 
in  the  case  of  acids,  and  the  student  is  strongly  urged  to  study  and 
construct  plans  of  separation  and  detection  of  mixed  acids.  It  will 
be  found  an  extremely  valuable  exercise. 

Remember  that  in  this  preliminary  examination  table  the  in- 
ferences are,  in  most  cases,  *•  indicate  "  only,  not  absolute  proofs. 

Other  tests  should  be  applied,  and  if  the  student  has  done  sofM 
of  the  experiments  under  the  headings  of  each  of  these  acids,  &c., 
confirmatory  tests  will  immediately  suggest  themselves. 
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EXAMINATION  OF  SOLUTION  FOR  ACIDS. 

Before  proceeding  to  this  part  of  the  systematic  analysis,  it 
imperative  that  the  student  shall  carefully  consider  what  acid& 
is  necessary  to  look  for.     Some  have,  perhaps,  been  indicated     ^ 
probably  present,  and  there  may  be  other  acids  that  cannot  ha.T. 
revealed  themselves   because  of   the  presence  of  some  interferii]^ 
constituent.     For  instance,  HCl  cannot  show  in  the  preliminary 
examination  if  HBr  is  present,  because  the  latter  acid  gives  all  tie 
indications  that  HCl  can  give.     Again,  there  are  a  few  acids,  lite 
HgSO^,  that  give  no,  or  few,  preliminary  indications  of  their  presence; 
they  must,  therefore,  always  be  looked  for  if  it  is  possible  for  them 
to  be  present. 

Having  made  a  list  of  the  acids  that  are  to  be  searched  for,  the 
next  matter  for  consideration  is  the  method  of  pursuing  the  search, 
particularly  the  preparation  of  a  suitable  solution  for  each  test.  The 
practice  of  always  preparing  the  solutions  by  first  boiling  with  sodium 
carbonate  is  not  to  be  recommended. 

If  the  bases  present  do  not  interfere,  each  solution  should  be 
prepared  by  adding  the  required  acid  to  the  aqueous  solution,  or  to 
the  solid  substance  itself,  filtering  if  necessary.  No  bases  interfere 
in  looking  for  H^SO^  or  HCl  in  a  solution. 

If  bases  have  to  be  got  rid  of  (as,  for  instance,  Pb  in  preparing 
a  solution  to  test  for  H^CrO^,  Ca  in  a  solution  for  oxalic  acid), 
the  solid  substance  is  boiled  with  a  slight  excess  of  Na^COj  solu- 
tion, the  precipitate  is  filtered  ofi*,  and  those  solutions  that  may 
happen  to  be  required  are  prepared  in  the  following  way  from  the 
filtrate :  * 

1.  Dilute  HCl  is  added  to  a  portion  of  it,  as  long  as  CO,  is 
evolved,  and  till  the  solution  is  rendered  distinctly  acid. 

2.  Another  portion  of  the  alkaline  filtrate  is  rendered  acid  by 
means  of  dilute  HNO3  ^^^  boiling. 

3.  A  third  portion  is  rendered  acid  by  means  of  dilute  acetic 
acid. 

4.  A  fourth  portion  is  carefully  neutralised  by  first  adding  dilute 
HNO3,  drop  by  drop,  and  boiling  as  long  as  CO2  or  other  volatile  acid 
is  evolved,  and  till  the  solution  is  distinctly  acid  to  test  paper ;  then 
by  adding  a  few  drops  of  very  dilute  ammonium  hydroxide  till  the  solu- 
tion gives  a  neutral  reaction  with  blue  and  red  litmus  papei*s.  The 
strictest  attention  must  be  paid  to  these  directions,  and  the  least  possible 
excess  of  either  acid  or  alkali  should  be  employed,  since  the  precipi- 
tation of  several  acids  is  prevented  by  the  formation  of  an  ammonium 
salt  in  anything  like  large  quantities,  on  account  of  the  formation  of 
a  soluble  double  salt,  e.g.,  ammonium  calcium  tartrate,  ammonium 
calcium  citrate,  (fee. 

*  If  a  metal  is  present  that  must  be  got  rid  of,  but  which  Na-jCOg  will  not 
precipitate,  it  will  be  necessary  to  precipitate  it  as  sulphide  from  a  slightly 
acid  solution.  Hg  in  presence  of  HCy,  Cu  and  Sb  in  presence  of  tartaric 
acid,  &c.,  are  examples  requiring  this  treatment. 
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If  the  preliminary  examination  for  bases  has  shown  the  presence 
of  ammonium  salts,  it  may  be  necessary  to  decompose  them  by  boil- 
ing with  NaHO  solution  before  preparing  Solution  4. 

Ebullition  or  fusion  with  NajCO,  decomposes  the  phosphates  of 
the  alkaline  earths  but  imperfectly ;  the  phosphoric  acid  so  com- 
bined is,  however,  invariably  detected  by  means  of  ammonium 
molybdate. 

No  further  notice  need  be  taken  of  the  following  acids  :  CO,,  SH^,, 
SO,,  HNOjj,  CIHO,  HCy,  since  they  are  detected  with  certainty  iu 
the  preliminary  examination. 

1.  HCl  Solution. 
(For  H,SO„  H^SiFc) 

To  A  Portion  op  the  Solution  add  BaCl2. 

(a)  A  white  precipitate,  insoluble  on  boiling  .         .     H,SO^ 

(6)  A  gelatinous  translucent  precipitate  of  BaF,SiF^  is  obtained. 
Confirm  by  drying  and  heating  the  precipitate  in  a  tube, 
when  ?iiF^  is  given  off*.  Take  the  residue  and  heat  with 
Na^COj  on  charcoal,  placed  fused  mass  on  silver  coin  and 
add  1  drop  HCl ;  brown  stain  indicates  S  as  HjjSO^. 
NH^OH  produces  in  some  solutions  gelatinous  H^SiO^, 
with  formation  of  NH^F,  BaF„  and  OH,    .         .    H,SiFg 

To  Filtrate,  or  another  Portion,  or  same  Solution  if  no  Result 
FROM  BaCl,,  ADD  Fe,Clg. 

(For  H,FeCye,  HeFe.Cy,,,  HSCy,  and  H.SiO,) 

(a)  A  deep  blue  precipitate  ....  H^FeCyg 

(b)  A  brown  coloration  only.     If  both  acids  are  present,  after 

adding  a  slight  excess  of  Fe,Clg,  boil  and  filter  off,  and 
observe  the  colour  of  the  filtrate.  If  on  the  addition  of 
SO,  orFeSO^  to  the  filtrate  a  blue  precipitate  is  obtained, 
ib  is  confirmatory  of  the  presence  of  H,iFe,Cyj,.  Filter 
again,  if  necessary HgFe,Cyjj, 

(c)  A  blood-red  coloration,  which  is  destroyed  by  HgCl,  and  not 

by  HCl  (the  red  colour  which  acetate  imparts  to  a  solu- 
tion of  Fe,Clg  is  destroyed  by  HCl)  .         .     HSCy 

To  A  Separate  Portion  add  NH^Cl  or  (NH^),C03. 

A  gelatinous  precipitate,  requiring  no  further  confirmation,  since 
SiO,  is  left  on  evaporating  the  filtrate  from  Group  II. 

H.SiO, 
2.  HNO3  Solution. 

(For  HCl,  HBp,  HI,  and  HCy.) 
Add  AgNO,. 

(a)  A  white  curdy  precipitate,  very  soluble  in  NH^HO     .     HCl 

(b)  A  yellowish  white'  precipitate,  less  easily  soluble  in  NH^HO 

HBr 
22 
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Confirm  by  adding  CI  water  to  the  original  solution 
and  shaking  up  with  chloroform  or  CSj.    Br  colours  either 
solvent  a  reddish  brown. 
(c)  A  yellowish  white  precipitate,  almost  insoluble  in  NH^HO 

HI 
Confirm   by   CI    water  and    chloroform    or   CS,.    I 
colours  either  solvent  violet.    The  blue  compound  formed 
by  I  with  starch  may  also  be  used  for  confirmation. 


Detection  of  HBr  in  presence  of  HI, 

Add  to  the  solution  ons  or  two  drops  of  chlorine  water  and  shake 
with  chloroform  or  CS,.  I  will  be  indicated  by  the  usual  violet 
colour.  Now  cautiously  add  more  CI  water,  when  the  I  colour  will 
be  destroyed,  whilst  the  Br  colour  (reddish  brown)  will  become 
evident.  Addition  of  more  CI  water  will  destroy  also  the  colour  due 
to  Br. 

Detection  of  HCl  in  presence  of  HBr  or  HI  or  hoik. 

To  a  well-diluted  solution  in  a  porcelain  dish  add  dilute  H,SO^ 
and  then  potassium  permanganate  drop  by  drop,  keeping  the  solution 
on  the  boil.  Br  and  I  are  liberated.  Continue  the  addition  of 
permanganate  until  the  solution  is  just  permanently  pink.  Add 
AgNOg ;  a  white  precipitate  indicates  HCl. 

Nitrates  may  also  be  tested  for  in  another  portion  of  this  solution. 

(i)  ^Oy,— Distinction  between  HCl,  HBr,  HI,  aiid  HCy.—Test 
specially  for  HCy  before  proceeding  to  the  examination  of 
the  other  acids  as  described,  by  treating  a  small  quantity  of 
the  original  substance  in  a  porcelain  dish  with  very  dilute 
HgSO^,  and  causing  the  evolved  HCy  to  act  upon  a  drop  of 
yellow  (NH4),S  on  filter-paper,  contained  in  a  second  porce- 
lain dish  inverted  over  the  one  containing  the  mixture. 
The  NH^SCy  which  is  formed  gives  a  blood-red  colour  upon 
adding  Fe^Clg  if  a  "  single  "  cyanide  was  present. 

(ii)    HSCy       ] 

(iii)  H^FeCyg    >  are   likewise   precipitated   on   the  addition  of 

(iv)  H,Fe,Cy,J 

AgNOg,  and  are  insoluble  in  dilute  HNO,.  The  second 
and  third  form  salts  which  are  insoluble  in  NH^OH,  whilst 
AgCy  and  AggFe^Cy^g  are  readily  soluble.  These  acids  are, 
however,  best  detected  in  the  portion  acidulated  with 
HC1.» 

3.  Acetic  Acid  Solution. 

(For  HP,  H,C,0„  H,CpO„  H3PO,.) 

To  A  Portion  add  CaCl^. 

(a)  A  white  gelatinous  precipitate     .         .         .         .         .    HF 
HgSO^  may  also  be  precipitated  by  CaCl,  in  a  strong 

''  ♦  No  other  cyanogen  compound  but  a  cyanide  gives  oflf  HCy  when  treated 
with  very  dilute  centinm'mal  H2SO4,  and  it  is  therefore  possible  also  to  dis- 
tinguish HCy  in  the  presence  of  HSCy,  HOCy,  H^YeQj^  ^i^^^Yii- 
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solution.  HF  should,  therefore,  always  be  tested  for  by 
the  etching  of  glass. 
(b)  A  white^recipitate  of  CaCp^  is  obtained,  which  on  ignition 
leaves  CaCO,,  soluble  with  effervescence  in  acetic  acid. 
(CaF,  is  not  affected  by  ignition)  .  .  .  ^ififii 
If  the  precipitate  be  a  mixture  of  CaF^  and  CaC^O^, 
after  ignition  the  residue  may  be  examined  (a)  by  dilute 
HCl  for  CaCOa,  (b)  by  strong  H,SO,  and  the  etching  of 
glass  for  OaF,. 

To  ANOTHER  PoRTiox  (or  to  a  portion  of  the  filtrate  if  OaCl^  gave  a 
precipitate)  add  Lead  Acetate. 
A  yellow  precipitate  of  PbCrO^ H^CrO^ 

To  ANOTHER  PORTION  ADD  Fe^Clg. 

A  yellowish  white,  gelatinous  precipitate,  from  a  solution  of  a 
soluble  phosphate  or  a  phosphate  decomposable  by  boiling 

withNa,003 ^z^^i 

Phosphoric  acid  will,  of   course,  have  been  found  during  the 
examination  for  bases  by  the  molybdate  test. 

Arsenic  acid,  if  present,  should  be  first  removed  by  treatment 
with  SHj. 

4.  Neutral  Solution. 
(For  the  "  organic  "  acids,  Tartaric,  Citric,  Benzoic,  Succinic, 
Formic,  Acetic,  Salicylic.) 
To  A  Portion  add  OaCl,. 

(«)  A  white  precipitate  which  is  crystalline,  or  becomes  so,  ob- 
tained by  vigorously  shaking  or  on  standing.  Tartaric  acid 
Treat  the  precipitate  of  calcium  tartrate,  after 
thoroughly  washing,  with  a  strong  cold  solution  of  KaHO. 
After  a  short  time  the  precipitate  dissolves,  aadon  heating 
it  is  reprecipitated  in  a  gelatinous  form.  Characteristic 
reaction  for  tartaric  acid. 
y>)  On  the  addition  of  CaOlg  in  excess,  no  precipitate  is  obtained 
till  the  solution  has  been  boiled    .  .         .     Citric  acid 

The  precipitate  is  insoluble  in  NaHO,  but  dissolves  in 
NH^Cl;  upon  boiling  neutral  calcium  citrate  separates 
again  ;  now  no  longer  soluble  in  NH^Cl. 

To  ANOTHER  PORTION  ADD  Fe,Clg. 

(a)  A  pale  yellow  precipitate         ....     Benzoic  acid 

Confirm  by  the  reactions  which  a  benzoate  gives  in  the 

preliminary  examination,  since  a  precipitate  of  Fej(HO)g  is 

frequently  mistaken  for  ferric  benzoate,  owing  to  imperfect 

neutralisation. 

(6)  A  reddish  brown  precipitate     ....  Succinic  acid 

Separation  of  Benzoic  and  Succinic  Acids. — Precipitate 

the  two  acids  with  Fe^Cl^.  warm  the  washed  precipitate 
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with  ammonium  hydroxide,  filter,  concentrate  the  solution, 
divide  it  into  two  parts,  and  mix  one  part  with  hydrochloi-ic 
acid,  the  other  with  barium  chloride  and  alQghol.  Ba  suc- 
cinate precipitates  amorphous  and  almost  at  once,  and 
benzoic  acid  forms  crystals  after  some  little  time. 

(c)  A  red  coloration,  and  on  boiling  a  reddish  brown  precipitate, 

similar  to  that  produced  by  acetic  acid         .     Formic  acid 
If  no  substance  capable  of  precipitating  mercuric  chlo- 
ride be  known  to  be  present,  heat  with  HgOl,  to  between 
60°  and  70^  and  observe  if  any  reduction  takes  place. 

(d)  The  fluid  acquires  a  deep  red  colour,  owing  to  the  formation 

of  ferric  acetate  .....         Acetic  acid 

If  the  solution  is  nearly  neutralised  and  boiled,  the 
whole  of  the  acetate  is  precipitated  of  a  reddish  brown 
colour 

(e)  Purple  coloration  (very  delicate  test)        .         .   Salicylic  acid 

It  is  very  essential  that  with  organic  acids  all  possible  confirma- 
tory tests,  as  given  in  the  reactions  for  the  separate  acids^  should  be 
employed. 

Special  Examination  for  other  Acids 
(Boric,  Arsenious,  Arsenic). 

Boric  Add, — Boric  acid  is  sometimes  indicated  in  the  preliminary 
examination  by  the  swelling  up  of  some  of  its  compounds,  and  tYxG 
precipitation  of  HBO3  in  crystals  from  a  concentrated  solution  of  ^^ 
borate  with  moderately  dilute  H^SO^  or  HCl.  More  delicate,  how"- 
ever,  is  the  reaction  which  boric  acid  gives  with  turmeric  paper,  ai3-<i 
to  the  Bunsen  flame. 

Arsenious  and  Arsenic  Acids. — If  As  has  been  found  in  Group  IX ., 
some  idea  as  to  whether  it  was  present  in  the  arsenious  or  arserxic 
solution  will  have  been  formed  from  the  manner  in  which  the  sulphide 
is  thrown  down. 

To  part  of  a  carefully  neutralised  solution  (ammonium  salts  laaj 
not  be  present  in  any  quantity) — 

1.  Add  AgNOg. 

(a)  A  yellow  precipitate,   soluble  in  NH^HQ-  or  dilute 

HNO3  ....       Arsenites  or  Phosphates  * 

(b)  A  reddish  brown  precipitate     .         .         .     Arsenates 

2.  Add  CuSO,. 

(a)  A  light  green  precipitate  (Scheele's  green,  BLCuAsOj) 

Arsenites 

(b)  A  light  greenish  blue  precipitate  (HCuAsG^)  Arsenates 

To  another  solution  made  alkaline  with  NH^HO  add  magnesia 
mixture  or  magnesium  sulphate  with  NH^Cl ;  *  white 
crystalline  precipitate Arsenates 

*  These  tests  can  only  be  successfully  employed  when  phosphates  are 
known  to  be  absent. 
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Sulphides  which  are  iiot  easily  attacked  hy  a^ddSj  or  are  quite  un- 
attached,— MiDeral  sulphides  of  this  type  are  very  commonly  met 
with.  Although  the  artificially  prepared  sulphide  may  be  readily 
decomposed  by  acid,  the  natural  sulphide  may  be  quite  unacted  on 
(e.^.,  lead  sulphide  and  galena,  ferrous  sulphide  and  iron  pyrites). 

Sulphides  attacked  with  difficulty  more  readily  yield  H^S  when 
treated  with  dilute  HCl  in  presence  of  finely  divided  metals,  as  zinc, 
aluminium  or  iron,  hydrogen  being  at  the  same  time  evolved. 

In  general  it  is  better  to  fuse  the  finely  divided  mineral  with 
sodium  carbonate,  when  Na^S  is  produced.  This  may  then  be  treated 
as  a  soluble  sulphide. 

M.ETHOD  OP  Analysis  when  Cyanogen  Compounds  are  Present. 

Cyanogen  compounds  may  be  of  the  simple  cyanide  class,  sulpho- 
cyanides  (thiocyanates),  or  complex  cyanides,  such  as  ferro-  and 
ferri-cyanides,  cobalticyanides,  &c.  The  presence  of  cyanogen  groups 
necessitates  either  their  removal,  or,  if  this  is  impracticable,  special 
methods  of  analysis,  many  of  the  double  cyanides  being  insoluble 
and  difficult  to  decompose. 

Cyanogen  compounds  will  have  been  indicated  by  the  dry 
reactions.  Simple  cyanides  will  evolve  .hydrocyanic  acid  when  the 
<iry  substance  is  treated  with  strong  HCl,  leaving  a  solution  or 
residue  of  metallic  chloride,  which  may  be  examined  as  usual. 
Certain  of  the  double  cyanides  are  also  completely  decomposed  by 
scids ;  such  cyanides  possess  an  alkaline  reaction.  (The  student  is 
I'ecommended  to  consult  the  lists  of  single  and  double  cyanides  on 
pp.  295,  297.) 

AgCN,  Ag^Fe(CN)g,  and  AggFeg(CN)j2  are  decomposable  into 
^Cl  by  boiling  with  aqua  regia.*  Mercuric  cyanide  (soluble  in 
^ater)  is  decomposed  by  H^S. 

Before  corrnnendng  the  analysis  the  nature  of  the  cyanogen  com- 
P^nd  must  be  asceiixiined . 

(a)  First  ascertain  whether  the  cyanogen  compounds  are  soluble 
1^  Water  ;  if  so,  whether  the  solution  is  alkaline. 

{h)  Warm  with  strong  HCl.  The  characteristic  blue  or  green 
colour  of  the  ferro-  or  ferri-cyanides  may  appear  in  the  solution  or 
insoluble  residue. 

(c)  Treat  a  portion  of  the  insoluble  residue  from  HCl  with  boiling 
KHO  or  NaHO,  add  Na^COj  solution  until  no  further  precipitation 
^kes  place,  boil  well,  filter,  just  acidulate  the  filtrate  with  dilute 
HCl,  and  test  for  H,Fe(CN)g  and  HgFe,(CN)j,  by  means  of  ferrous 
sulphate  and  ferric  chloride  (see  pp.  300-302). 

Removal  of  Cyanogen  Groups. 

The  elimination  of  C^N^  from  simple  and  certain  double  cyanides 
has  been  referred  to  above. 

♦  AgCN  is  very  difficult  to  decompose.  Palladium  cyanide  is  practicallj 
nndecomposable  by  any  method  (strongly  heating  excepted). 
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Sulphocyanides  may  be  decomposed  by  evaporation  with  strong 
HNO,. 

Insoluble  double  cyanides  may  be  decomposed  by  one  of  the  two 
following  methods,  but  such  a  procedure  only  permits  of  the  metals 
present  being  ascertained,  and  gives  no  indication  of  the  manner  in 
which  they  are  combined.  It  is  therefore  preferable  to  use  the  more 
complete  method  given  later. 

Method  I. — Fuse  the  substance  in  a  crucible  with  either  ammo- 
nium persulphate  or  a  mixture  of  ammonium  sulphate  and  nitrate. 
The  ignition  should  be  stopped  before  all  the  ammonium  salts  are 
volatilised,  and  the  residue  may  then  be  examined  as  usual.  Any 
Ba,  Sr,  Pb,  &c.,  will  be  converted  into  insoluble  sulphates. 

Method  II. — Heat  a  portion  of  the  substance  with  pure  concen- 
trated HjjSO^  in  a  porcelain  dish,  evaporate  off  the  greater  part  of 
the  acid,  dilute,  filter. 


Solution  A. 
Mix  solutions  A  and 
B,    evaporate   off   the 
acids,  and  examine  for 
bases  as  usual. 


Solution  B. 
Mix  with  A. 


Residue.     Boil  with  concentrated 
HCl,  dilute,  filter. 


Residue  may  contain  silica  and  any 
other  substances  originally  present 
and  which  were  insoluble  in  the 
acids ;  also  Ba,  Sr,  Pb,*  &c.,  con- 
verted into  sulphates  by  the  H.2SO4. 

Treat  this  residue  as  an  ordinai7 
insoluble  one.f 


*  Lead  sulphate  may  be  wholly  or  in  part  converted  into  the  chloride  by 
boiling:  with  strong  HCl. 

t  Test  a  portion  of  this  residue  in  the  dry  way  to  ensure  absence  of 
metals  which  might  alloy  with  the  platinum  foil  on  which  fusion  is  conducted. 
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SILICATES. 

With  the  exception  of  those  of  potassium  and  sodium,  all  silicates 
are  insoluble  in  water  or  nearly  so. 

A  few  silicates  are  insoluble  in  concentrated  HCl  or  H^SG^,  but 
the  greater  number  are  either  partially  or  entirely  decomposed  by 
these  acids  when  heated  with  them. 

Most  rocks  are  mixtures  of  several  silicates,  of  which  some  are 
often  decomposable  by  acids;  others  are  not.  If,  therefore,  it  is 
considered  necessary  to  ascertain,  as  far  as  possible,  the  actual 
composition  of  the  silicate  under  examination,  it  is  advisable  to 
examine  separately  those  constituents  which  show  a  different 
behaviour  with  acids.  Silicates  such  as  kaolin  and  common  clays 
can  frequently  be  decomposed  either  wholly  or  partly  by  concen- 
trated sulphuric  acid  ;  many  natural  silicates  yield  more  or  less 
silica  on  treatment  with  hydrochloric  acid,  which  silica  may  be 
taken  to  represent  the  soluble  silica,  or  the  decomposable  silicate, 
leaving  the  greater  portion  of  the  mineral  behind  in  an  insoluble 
condition. 

If  the  ultimate  analysis  only  is  required,. without  reference  to  how 
the  elements  are  combined,  the  silicate  may  be  at  once  decomposed  by 
fusion  with  fusion  mixture. 

In  this  case  the  alkalies  must  be  tested  for  in  a  sepai-ate 
portion. 

Decomposition  of  Silicates  by  Fusion  with  Fusion  Mixture. 

The  silicate  is  first  pulverised  very  finely  in  a  steel  and  finally  in 
au  agate  iriortar,  then  intimately  mixed  with  four  or  ^ve  times  its 
weight  of  pure  fusion  mixture,  and  heated  in  a  platinum  crucible  as 
long  as  any  gas  is  given  off.  The  heating  may  require  to  be  com- 
pleted over  a  powerful  blowpipe. 

A  platinum  crucible  can  be  employed  with  safety  only  when 
the  absence  of  easily  reducible  and  fusible  metals  has  been  estab- 
lished by  a  preliminary  examination  of  the  siliceous  substance  in  the 
dry  way. 

The  silica  is  thus  obtained  in  combination  with  the  alkalies,  but 
there  may  also  be  present  other  acid  radicals  converted  by  the  fusion 
into  soluble  compounds  (fluorides  and  phosphates,  for  example),  also 
certain  oxides  originally  present  in  combination  as  bases  with  the 
silicic  acid  (such  as  AI3O3,  Cr^Og,  Miij^Og  or  MnO„  ZnO,  SnO,),  which 
are  now  in  combination  as  acidic  radicles  with  the  alkali  bases 
(aluminates,  chromates,  &c.).  Extraction  of  the  residue  with  boiling 
water  will  remove  all  the  above. 

The  residue  will  consist  of  insoluble  carbonates  or  oxides,  and 
may  contain  JiaO,  SrO,  CaO,  MgO,  Fe^Og,  &c.  Chrome  iron  ore 
(FeCrjjOJ  if  originally  present  will  remain  unaltered  by  the  fusion, 
and  so  will  appear  in  this  residue. 
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Treatinent  of  the  Fused  Mass, 

Repeatedly  extract  with  hot  water  and  filter. 
Besidtie. — Dissolve  in  hot  HCl  and  examine  for  all  metals  (except 
K  and  Na)  in  the  usual  manner.  Any  portion  insoluble  may  arise 
through  insufficient  powdering  and  fusion  of  the  substance,  or  be  due 
to  chrome  iron  ore  or  TiO^.*  The  former  may  be  gob  into  solution, 
and  the  metals  identified,  by  treatment  with  strong  HNO3  and  a 
crystal  of  potassium  chlorate. 

Solution. — Divide  into  two  parts. 

Part  I. — In  this  it  is  necessary  to  decompose  the  alkali  silicates 
with  excess  of  dilute  HCl,  and  th  n  render  the  silica  insoluble  by 
evaporation,  first  gently  to  avoid  spirting,  then  when  the  mass  is  in 
a  pasty  condition  the  temperature  is  raised,  and  the  mass  thoroughly 
broken  up  with  a  glass  rod  until  no  large  particles  remain.  This  is 
essential,  for  if  the  acid  is  not  completely  removed  some  silica  will 
pass  into  solution. 

Treat  the  dried  mass  with  a  little  strong  HCl,  add  water  and 
filter.    Any  white  insoluble  residue  is  SiO^. 

The  solution  obtained  must  be  examined  for  metals  likely  to  be 
rendered  soluble  by  the  fusion  (Al,  Cr,  Mn,  Zn,  Sn). 

Part  II. — Portions  of  this  should  be  tested  for  any  acid  radicals 
which  in  their  original  combination  were  insoluble,  but  owing  to  the 
fusion  have  been  converted  into  soluble  sodium  or  potassium  salts. 
A  consideration  of  the  acids  which  could  possibly  be  present  with  the 
^Mwes  found  will  lead  to  the  elimination  of  many  of  them.t  Parts  of 
the  solution  may,  however,  be  generally  tested  with  : 
(a)  HCl  and  barium  chloride  for  sulphates. 

(h)  HNO3  ^^^  ammonium  molybdate  for  arsenates  and  phos- 
phates. If  a  precipitate  is  obtained,  then  the  usual  pro- 
cedure for  removing  As  must  be  resorted  to,  the  liquid 
being  afterwards  tested  for  phosphates, 
(c)  HCl  in  excess,  boil  off  COj,  add  NH^HO  in  excess,  then  CaClg, 
and  allow  to  stand.  A  precipitate  indicates  fluorides^ 
and  this  precipitate  after  drying  should  be  confirmed  by 
warming  with  H,SO^  for  HF. 
(cQ  Acetic  acid  in  excess  and  lead  acetate  for  chromates. 


Detection  of  the  Alkalies  in  all  Silicates. 

About  1  grm.  of  the  finely  pulverised  silicate  is  mixed  with 
1  grm.  of  pure  powdered  ammonium  chloride  and  8  grms.  of  pure 
calcium  carbonate.  The  ingredients  are  thoroughly  mixed  in  a 
mortar  and  introduced  into  the  platinum  crucible,  which  is  gently 

*  Titanium  oxide,  if  present,  will  mainly  be  found  in  the  portion  insol- 
oble  in  boilicg  water.     Its  separation  from  silica  is  referred  to  on  p.  291. 

t  If  insoluble  halogen  salts  of  silver  are  indicated  in  the  preliminary 
reactions,  then  acidify  a  portion  with  nitric  acid  and  test  for  CI,  Br,  or  I, 
bjAgNO,. 
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tapped  and  the  contents  shaken  down  tight.  The  crucible  is  loosely 
covered  by  the  lid,  and  heated  to  a  bright  red  heat  for  from  forty  to 
sixty  minutes. 

The  crucible  is  now  allowed  to  cool.  When  cold  the  contents 
will  be  found  to  be  more  or  less  agglomerated  in  the  form  of  a  semi- 
fused  mass.  Tapping  with  a  glass  rod  will  generally  detach  the  mass, 
which  is  then  to  be  heated  in  a  beaker  with  about  60  c.c.  of  distilled 
water,  when  it  may  slake  and  crumble  after  the  manner  of  lime.  At 
the  same  time  water  is  put  into  the  crucible  to  slake  out  any  small 
jtdhering  particles,  and  this  is  added  to  the  contents  of  the  other  vessel. 

By  this  treatment  with  water  the  excess  of  lime  used  is  obtained 
as  a  hydroxide,  some  of  the  lime  is  combined  with  the  silica  and  other 
ingredients  of  the  silicate  in  an  insoluble  form  ;  and  in  solution  there 
is  the  excess  of  chloride  of  calcium  formed  daring  the  reaction, 
together  with  the  alkalies  present  in  the  silicate. 

The  contents  of  the  vessel  are  filtered,  the  residue  on  the  filter  is 
well  washed  with  distilled  water,  and  the  washings  added  to  the  main 
solution.     The  residue  is  neglected. 

Solution. — Precipitate  the  lime  with  a  solution  of  pure  ammonium 
carbonate,  filter  and  wash,  evaporate  the  solution  on  the  water-bath  to 
about  40  c.c,  when  a  little  more  of  the  carbonate  and  ammonium 
hydroxide  should  be  added  to  precipitate  the  small  amount  of 
calcium  which  has  previously  escaped  precipitation.  Filter  through 
a  small  filter,  wash,  and  evaporate  to  dryness  on  a  water-bath,  pre- 
ferably in  a  platinum  dish. 

When  dry,  the  dish  is  very  gently  heated  by  a  Bunsen  flame  to 
drive  ofi'  the  ammonium  chloride.  Gradually  increase  the  heat  until 
a  little  below  redness.  Nothing  now  but  the  pure  alkali  chlorides 
should  remain. 

Test  the  residue  in  the  usual  way  for  potassium  and  sodium  or 
lithium,  and  with  a  spectroscope  if  possible. 

This  process  may  be  followed  as  a  quantitative  one  to  obtain  the 
collective  alkalies  from  a  silicate. 


EXAMPLE  OF  METHOD  OF  RECORDING 

WORK. 

The  followiog  exaujple  is  giveu  to  illustrate  a  systematic  method 
of  recording  the  experiments  performed,  but  it  also  serves  to  illus- 
trate the  fact  that  in  all  analytical  work  the  results  are  arrived  at 
by  a  systematic  process  of  elimination.  Students  too  often  overlook 
the  important  point  that  much  information  is  often  obtainable  from 
an  apparently  negative  observation,  and  every  deduction  possible 
from  any  experiment  or  observation  should  be  recorded. 
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EXAMINATION  OF  A  MIXTURE. 

Preliminary  Dry  Examination. 

Compound  given  :  A  dirty  white   powder.     Probable  absence   of  oxic^es 
and  sulphides  of  heavy  metals,  Cu,  Fe,  Cr,  Ni,  Co  compounds,  permanganat^es 
chromates. 


Experiment. 


Observation. 


Gently  heated  in  a  bulb  | 
tube. 


Heated  stronger. 


Substance  first  fused . 
Then  heavy  white 
fumes  formed,  which 
condensed  in  the  up- 
per part  of  the  tuLe  . 

Gave  off  reddish  brown 
fumes  and  a  gas  which 
supported  combustion. 
The  residue  was  yel- 
lowish whilst  hot,  dirty 
white  on  cooling 

Heated  a  portion  of  the  j  Odour  of  NH3,  litmus 
blued,  mirror  and  me- 
tallic globules  in  tube 


substance,  mixed  with 
charcoal — soda-lime  in 
tube. 

Heated  on  charcoal  in  the 
blowpipe  flame. 


Soluhilitij. 


S  ubstance  gave  off  heavy 
fumes,  and  was  partly 
reduced  to  the  metallic 
state.  The  metal  malle- 
able and  marked  paper; 
incrustation  yellow  . 
The  substance  dissolved 
partly  in  water,  partly 
in  HCl,  to  a  colourless 
solution 


CO2  was  evolved,  which 

I     turned       lime  -  water 

'     milky  .... 

I  No  o.iour  ot  H.^^,  SOg, 

or  RON 


No  brown  fumes    . 


I 


Inference. 


Probably  compounds  ^n:^^ 
NH3,  Hg,  As,  &c. 

Nitrates  of  heavy  metaL    ^• 

Lead,   tin,   or  bismal 
probably  present. 

NH3     and     Hg     coc 
poonds. 


Pb. 

Absence 
AgCl, 


of 


AgUJ,     AgBr,     A^grt 
SnOg,   ignited  AL^O, 
CrgOg,  PbS04,  BaSCl, 
SrS04,  CaS04,  insolo- 
ble  silicates. 

Presence  of  carhvnite. 

Absence  of  sulphides 
sulphites,  and  cya- 
nides. 

Absence  of  nitrites. 
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A. — EXAMIXATIOX   OF   H,S   PRECIPITATE. 
Thoroughly  washed  the  precipitate  and  warmed  with  NaHO.     Filtered. 


Residue.— Warmed  with  1  to  1  HNOj  for  some  time  ;  dilated, 
filtered. 


Residue.  — 
Black,  pro- 
bably HgS. 
Dried ;  ig- 
nited in  a 
balb  tnbe 
with  dry 
NasCO..,. 
Metall  ic 
globules 
confirms 

Mercury. 


Solution. — Is  colourless.  Cu  probably  ab- 
sent. Added  dilnte  HJ^O^  and  alcohol. 
Warmed,  filtered. 


Precipitate.   -White    Solution. —  Boiled 


—probably  PbS04. 
Warmed    with    ammo- 
nium acetate,  added 
K,Cr04.     Yellow  pre- 
cipitate confirms 

Leaix 


Solution.  — 
Added  dilate 
HCl  tiU  just 
acid.  No  pre- 
cipitate. 

Absence  of 
As,  8b,  Sn. 


off    spirit,   added 
NH4HO. 
No  blue  colour — 

Absence  of  Cu. 
So  precipitate— 

Abeenceof  Bi. 


Passed  H^S. 

No    yellow  precipi- 
tate. 
Absence  of  Cd. 


B. — Examination  of  Ammonium  Carbonate  Precipitate. 

Portion  of  the  washed  precipitate  dissolved  in  drop  of  HCl  and  flame  tested. 
Reddish  yellow.     Absence  of  Ba  and  probably  Sr. 


Dissolved  precipitate  in  acetic  acid  and  added  K2Cr04  to  part. 


No  precipitate.       Other  portion. — Added  ammonium  sulphate,  and  allowed 
Absence  of  Ba.  tube  to  stand  for  ten  minutes  in  boiling  water. 


No    precipitate. 
Absence  of  Sr. 


Solution. — Added  ammoninra  oxalate 
A  white  precipitate —Ca  present. 
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Preliminart  Examination  for  Acids. 
A  carboDate  has  already  been  indicated  bj  effervescence  with  HCl. 


BXPERTMBNT. 


Treated    with     concen- 
trated H2SO4. 

Warmed  with  MnOg  and 

strong  H3SO4. 
Heated    with    Ca    and 

strong  H2SO4. 
Confirm  HNO3  by  means 

of  H2SO4  and  FeSO^. 


Observation. 


CL   and  nitrous  fumes; 

bleaches  litmns-paper ; 

test-tube  not  etched 
CI  evolved 
No  Br  or  I      . 
Brown  nitrous  fames 

A  brown  ring  formed 


Inference. 


HCl  and  HNO3. 

Absence  of  HF. 

HCl. 

Absence  of  HBr,  HI. 

Presence  of  HNOo. 


Examination  of  Solution  for  Acids. 


Dissolved  in  dilate  HCl  and  filtered. 


Dissolved  in  dilute  HNO3  and  filtered. 


Added  BaCIg.    No  precipitate.  H2SO4 
absent. 

This  was   hardly  likely,  as  Pb  was 
present  in  a  soluble  form. 


Added  AgNO.,.  White  curdy  pre- 
cipitate, soluble  in  AmHO.  Presence 
of  HCl. 

Warmed  original  substance  with  MnOg 
and  H2SO4.     Yellow  gas  =  CI. 


Ammonium  molybdate,  no  results  :  absence  of  P2O5.  Moistened  with 
strong  H2SO4  and  alcohol  added  and  inflamed ;  no  yellow-green  flame : 
absence  of  B2O3. 

Found— Bases  :  Hg,  Pb,  Ca,  NH.,. 
Acids  :  COg,  HNO3,  HCl. 


SUMMARISED  TABLE  OF  DRY  REACTIC 


Analytical    ^^^^, 
(iroap.     I 


Compound  Halted  In  |  ^^^  ^^^^^  ^^  ^^^^_ 
Dry  Tube.  ,  ^^^  ^j^^ 


„.J 


Pb 

Hg 
Bi 
Cu 
Cd 

\s 


Jfesidfte  ix  : 

•  Red,  hot ;  yellow,     Bluish. 
I      cold;  fusible. 

Brownish,  hot ;  me- 
tallic, cold. 

Sablimate  of  metal.* 

Yellow,  cold ;  infu-     Bluish. 
I      sible. 
I  Black,  hot  and  cold.    Green. 

infusible. 
I  Brown,  hot;  lighter, 
!      cold,  infusible.* 


Flame  u  coloured  : 


Heated  in  Borax 
in  Blowpipe  FL 


Outer 
fiame. 
Nothing  mt 


I  - 

I  Light  blue. 

I 


Nothing  mi 


II.  fi\\  Sb 


in. 


III.  fi 


Sn 
Fe 

Al 
Cr 

Mn 
Zn 

Ni 

Co 


f    Ba 
■J     Sr 


Ba 

IV.-!  ,  «r 

Ca 


V.  a- 


Mg 


11  K 
I  Na 

V.  /3      NH4 


Sublimate.* 


Yellow,  hot ;  paler, 
cold,  infusible. 

Dark  red. 


White. 

Green  or  purple. 

Black  or  dark  red. 
White. 

Black. 


White. 


White. 

„      fusible.  § 

Sublimate.  * 


Pale  blue,  thin. 
,,  denser. 

,,  streaky. 


Greenish  yellow. 
Thin,  streaky  green. 


Yellow-green. 
Crimson-red. 
Pale  red. 


Violet. 
Yellow. 


Red,  hot ; 
pale  yellow, 
cold. 


Green.        G. 


Amethyst.    C 


Violet  or    Gr 
reddish. 

Deep  blue  Deep 
(sapphire). 


METALS.      OPERATIONS. 


Fased  on  Plati- 

I on 

Charcoal. 

Heated  with  Na^COg 
on  Charcoal-t 

num  Foil  with 

NsoCOo  and 

KXO3. 

Remarks  and  Notep. 

^     an*?  ^'^''^''' 

Bead  or  Residue. 

I. 

tation. 

*  Sublimate  is  treated 

Oft. 

YeUow. 

White,  soft,  marks 
paper. 

— 

with  SH2  by  passing 
the  gas  into  tube. 

3. 

None. 

White,  malleable 

— 

Hg  becomes  black. 
Cd\             f    light 
Asj      "     \  yellow. 

. 

. 

. 

Sb         „      orange. 

•> 

Yellow. 

White,       brittle, 
very  fusible. 

— 

NH4  unchanged. 
II. 

les. 



Red,  malleable. 



Heated  in  tube 

get. 

BrowD. 

White,  soft,  very 
fusible. 

— 

with  black  flox, 
Hg  gives  globules 
of  metal ; 

I 

White. 

Strong  odour. 

— 

Sb   and    As    give 
black    ring    and 

} 

Bluish 

White,  brittle. 

mirror  in  tube ; 

white. 

Cd    gives    brown 

i8.t 

— 

- 

ring  and   bright 
mirror. 

None. 

Black       metallic 

f  White      luminous 

C 

particles,  mag- 
netic. 

infusible  residues  only 
are   to   be   moistened 

0. 

with   CoNaOg  solution 

} 

White  residue. 



and  again  heated,  when 

IB 

" 

Al  becomes  blue. 

•t 

Zn       „        green 

^^ 

Green  or  yellow 

Yellow  mass 

Mg       „        pink. 

=  K2Cr04. 

Sd        „        dirty 

green. 
Earthy  phosphates  and 

• 

Black  residue. 

Blue-green 

enamel. 

all     borates     become 

White. 

White      „ 

purple  or  blue. 

IS 
t 

X  The    appearances 

None. 

Black     magnetic 



are  very  similar.   If  an 

J 

residue. 

incrustation    is    given 
on  charcoal  alone  it  is 

»» 

Black     magnetic 
residue. 

alsogiven  whenNa^COg 
is  used. 

§  If     the    acid    be 

»> 

— 

colourless. 

•t 

Same,  less  dis- 

__ 

.t 

7? 

r            tinct. 



.t 

ito  charcoal. 

— 

— 

»>           »> 
te  fames. 

— 

— 

23 
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REACTIONS  OF  THE   RARE   ELEMENTS. 

Certain  elements  (mostly  metallic)  were  termed  "  rare  "  when  they 
occurred   in   nature,   so   far  as   was  known,  to  a  limited  extent, 
often   being   peculiar   to   a   certain   class    of    minerals    or   a  par- 
ticular  locality.      The   possibility   of  their  technical   employment 
seemed  remote.     More  recent  research  has,  however,  shown  that 
many  of  these  substances  are  far  more  widely  distributed,  and  in 
greater  quantities,  than  was  supposed.     Fresh  sources  of  supply  of 
some  of  those  which  within  the  last  few  years  have  been  found  of 
value  for  specific  purposes  are  eagerly  sought  after.     Thus,  thorium 
and  cerium  for  incandescence  gas  mantles,  tungsten  and  vanadium     ' 
for  special  steels,  iridium  for  the  tips  of  gold  pens,  tantalum  for 
electric  lamps,  are  instances  of  the  common  employment  of  these 
so-called  rare  metals  at  the  present  time. 

It  is  of  much  greater  importance,  therefore,  that  the  student 
should  become  familiar  with  these  elements  than  was  formerly  the 
case,  but  for  purposes  of  study  it  is  still  desirable  to  discuss  their 
reactions  in  a  separate  section  from  the  generally  recognised  common 
metals,  and  still  to  refer  to  them  as  "  rare  "  or  "  rarer  "  elements. 

Some  of  the  heavy  metals,  possessing  very  little  affinity  for 
oxygen,  such  as  palladium,  rhodium,  osmium,  ruthenium,  and  iridium, 
are  found  native,  and  associated  with  platinum  and  gold.  Others 
are  found  in  combination  with  oxygen,  such  as  titanium,  uranium, 
tantalum,  and  niobium :  with  sulphur  or  arsenic,  such  as  tungsten 
or  wolfram,  molybdenum,  vanadium,  thallium,  indium,  and  ger- 
manium. 

The  rare  elements  usually  classified  among  the  so-called  light  i 
metals,  having  a  specific  gravity  for  the  most  part  of  less  than  5,  \ 
and  yielding  insoluble  oxides  which  are  mostly  specifically  heavier  1 
than  their  metals,  such  as  glucinum,  zirconium,  thorium,  cerium,  1 
lanthanum,  didymium  (consisting  really  of  two  elements,  neodymium 
and  praseodymium*),  yttrium,  erbium,  ytterbium,  and  scandium,  are    1 

♦  "  Didymium  "  is  still  employed  in  the  text,  although  it  must  be  clearly  j 

understood  that  it  refers  to  the  mixture  of  these  two  elements.     In  most  j 

methods  of  separation  they  are  thrown  down  together,  and  therefore  analyti-  J 

cally  may  be  conveniently  regarded  as  an  element.  j 
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chiefly  met  with  in  nature  as  oxides  in  combination  with  silica 
(sometim.es  combined  with  titanic,  niobic,  and  tantalic  acids) ;  and, 
lastly,  the  metals  of  the  alkali  group,  whose  oxides  possess  the  most 
pronounced  basic  character  and  are  soluble  in  water,  such  as  lithium, 
rubidium,  and  caesium,  are  chiefly  met  with  as  salts — carbonates, 
phosphates,  or  silicates,  sometimes  in  a  soluble  condition  in  sea-water 
or  in  mineral  springs  as  chlorides. 

Like  didymium,  it  is  by  no  means  established  that  some  of  the 
rarer  of  these  substances  are  incapable  of  further  resolution  into 
simpler  bodies.  The  reactions  with  precipitants  is  in  many  cases  so 
similar  that  separation  of  one  from  the  other  is  a  difficult  and  tedious 
operation. 

It  is,  of  course,  not  pretended  that  more  than  an  elementary  idea 
of  the  treatment  of  the  rare  metals  or  minerals  containing  them  is 
here  given. 

The  following  is  the  analytical  position  assigned  to  these  metals 
by  the  various  group  reagents : 

Group  I.  Precipitated  by  HCl. — Tungsten,  as  tungstic  acid  ; 
niobium,  as  niobic  acid ;  thallium,  as  chloride. 
(Tantalum,  as  tantalic  acid,  and  molybdenum,  as 
molybdic  acid,  are  soluble  in  excess  of  HCl.) 

Group  II.  Precipitated  by  SH^,  from  a  HCl  solution,  as  sul- 
phides : 

(A)  Insoliihle    in    yellow    ammonium    sulphide : 

Palladium,  rhodium,  osmium,  and  ruthe- 
nium, and  thallium  in  thallic  salts  (close 
resemblance  to  lead). 

(B)  Soluble  in  yellow  ammonium  sulphide :  Gold, 

platinum,  iridium,  molybdenum,  tellurium, 
selenium,  and  germanium. 

Group  111.  Precipitated  by  NHfil,  NHftH,  and  {NH,\S : 
"Uranium,  indium,  thallium,  gallium,  as  sul- 
phides ;  glucinum  or  beryllium,  thorium,  zir- 
conium, cerium,  lanthanum,  didymium,  yttrium, 
ytterbium,  scandium,  erbium,  titanium,  tantalum, 
samarium  (and  columbium),  as  hydroxides.  Vana- 
dium, precipitated  as  sulphide,  on  adding  HCl 
to  the  filtrate. 

Group  IV.  None. 

Group  V.     Lithium,  caesium,  and  rubidium. 


METALS  OF  THE  ALKALIES. 

The  alkali  metals,  caesium,  rubidium  (potassium,  sodium),  and 
lithium,  are  remarkable  for  their  highly  electro-positive  character, 
tihe  powerfully  alkaline  nature  of  their  oxides  and  hydroxides,  and 
the  very  generiil  solubility  of  their  salts.  Caesium  appears  to  be 
the  most  highly  electro-positive  member,  whilst  lithium  shows  the 
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lea.st  electro- positive  character.  They  exhibit  analogous  grada- 
tions in  their  respective  combining  weights,  fusion  points,  specific 
gravity,  action  upon  water,  and  the  solubility  of  their  carbonates, 
thus : 

Rabidiam.    Potassinm.     Sodium.    Lithinm. 
So -5  39  1  23  7 

38-5=  C.  62 -5=  C.  97''  C.      180'  C. 


Caesiam. 

132-9 

26-27= 


Atomic  weights 
Fasion  points  . 
Specific  gravity 'i 

at  15'  C.         / 
Action    of    the  i 

metals    upon  I    ,.   ^  ^ 

watPr  '^®  hjdrogeu  bc- 

bolabihtj       of  |         q,^  qq 
the  respective  !-  '-      ' 

carbonates      J 


1-88 
Decompoees 
cold  water. 


1-516 


Do. 


Rb,C03 


•865 


Do. 


K2CO5 


•59 
Da,  but 
with  less 
Tiolence. 


Highly  deliquescent,  absorbing 
water  speedily  from  the  air. 


•97 

Do.,  bnt  does 

not  generally 

inflame  the 

hydrogen. 

Na,C03 

Not       Difficnltly 
deliqnes-  soluble  in 
cent.        water. 


LLjCO. 


The  salts  of  all  the  alkali  metals  are  i.^omorphous,  and  in  general 
properties  rubidium  stands  between  caesium  and  potassium,  whilst 
lithium  appears  to  form  the  connecting  link  between  the  alkali 
metals  and  the  metals  of  the  alkaline  earths.  This  is  shown  more 
especially  by  the  comparatively  insoluble  nature  of  its  phosphate 
and  carbonate. 

The  metals  may  be  obtained  by  electrolysis  of  the  fused  chlorides 
or  by  the  reduction  of  the  oxides  by  carbon  or  iron  at  a  high  tem- 
perature. Metals,  oxides  and  hydroxides  are  volatile  at  very  high 
tempeiatures. 


RKACTIOXS  OF  THE  RARE  METALS  OF  THE 
ALKALI  GROUP. 

CAESIUM,  Cs.  Atomic  weight,  132-9. — Occurs  in  very  small 
quantities  in  many  mineral  waters,  as  chloride,  and  in  a  fe^ 
minerals  (lepidolites)  ;  in  large  quantities  in  the  rare  felspatbi^ 
mineral  pollux,  found  in  Elba,  said  to  contain  34  per  cent,  o' 
caesium.  ^ 

Both  caesium  and  rubidium  were  discovered  by  Bunsen  aa^ 
Kirchhoff  in  18G0,  whilst  examining  spectroscopically  the  salii^^ 
residue  left  on  evaporating  large  quantities  of  the  Diirkheim  miner^ 
water.  The  hydroxide,  CsHO,  is  very  soluble,  both  in  water  ar>^ 
alcohol,  and  very  strongly  alkaline.  The  carbonate,  Cs^COj,  resembl^^ 
potassium  and  rubidium  carbonate,  but  is  soluble  in  five  parts  ^^ 
boiling  alcohol.  (Distinction  from  KJCO3,  ^^s^^s?  ^^^  Rb,CC^:3' 
which  are  practically  insoluble  in  alcohol.) 

Dry  Reactions. 

When  heated  on  platinum  wire,  in  the  inner  flame  of  the  blowpipe* 
volatile  caesium  salts  impart  an  intense  sky-blue  colour  to  the  out>^^ 
flame  (hence  the  name  of  the  metal,  from  caesiusy  sky  blu^)' 
When  examined  with  a  spectroscope,  two  intensely  s^-blue  lin^^ 
OsaX  and   Cs/JX,   close   upon   the   strontium   line,  SrJX,  are  se^^ 
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(together  with  various  other  less  distinctly  visible  lines  in  the  orange, 
yellow,  and  green). 

Reactions  in  Solution. 

Any  salt  will  give  the  reactions. 

PtCl^  produces  a  light  yellow  crystalline  (octahedral)  precipitate 
of  the  double  chloride  of  caesium  and  platinum,  2CsCl,PtCl4,  very 
difficultly  soluble  in  boiling  water — '377  part  in  100  of  water.  The 
corresponding  potassium  platinic  chloride  is  dissolved  by  repeated 
treatment  with  boiling  water. 

Tartaric  acid  produces  a  colourless,  transparent,  crystalline  preci- 
pitate of  hydrogen  caesium  tartrate,  THCs  ;  about  eight  times  more 
soluble  in  water  than  the  corresponding  rubidium  salt. 

RUBIDIUM,  Rb'.  Atomic]  weight,  85*5. — Occurs  widely  diffused 
in  nature.  It  is  met  with,  although  only  in  very  small  quantities, 
in  a  large  number  of  minerals,  in  lepidolites  and  in  mineral 
waters,  in  most  natural  deposits  of  potassium  salts,  likewise  in  the 
ashes  of  many  plants,  such"  as  tobacco,  coffee,  beetroot,  &c.*  It  is 
white,  more  easily  fusible  and  convertible  into  vapour  than  potassium, 
and  takes  fire  spontaneously  in  air.  Its  oxide,  rubidia,  Rb,0,  is  a 
powerful  base,  and  its  salts,  like  the  corresponding  caesium  salts, 
are  isomorphous  with  those  of  the  metal  potassium.  The  hydroxide, 
RbHO,  is  strongly  alkaline,  and  very  soluble  in  water  and  alcohol. 
The  carbonate,  Rbj^COg,  is  a  deliquescent  salt,  insoluble  in  alcohol. 

Dry  Reactions. 

Volatile  rubidium  salts,  when  heated  on  a  platinum  wire  in  the 
inner  blowpipe  flame,  colour  the  outer  flame  dark  red  (hence  the 
name  rubidium,  from  rubidicSj  dark  red).  When  examined  spectro- 
scopically,  two  dark  red  lines,  llb^X  and  RbyX,  on  the  extreme  left  of 
the  solar  spectrum  and  close  to  the  potassium  line,  together  with  two  - 
distinctly  violet  lines,  and  several  weaker  lines  in  the  yellow,  readily 
distinguish  rubidium  compounds. 

Reactions  in  Solution. 

Any  salt  will  give  the  reactions. 

PtOI^  produces  a  light  yellow  crystalline  (octahedral)  precipitate 
of  rubidium  platinic  chloride,  2RbCl,PtCl^,  very  difficultly  soluble  in 
boiling  water — 034  in  100  water. 

Tartaric  acid  yields  a  white  precipitate  of  hydrogen  rubidium 
tartrate,  THRb,  which  is  soluble  in  103  parts  of  water  at  25°  C. 

Rubidium  and  caesium  resemble  potassium,  also,  in  forming 
isomorphous  alums,  which  differ  considerably  in  their  solubility  in 
water.  100  parts  of  water  at  17°  C.  dissolve  13*5  parts  of  potassium 
alum,  2*27  of  rubidium,  and  only  •02  part  of  the  caesium  alum. 

♦  It  is  just  possible  that  the  fertility  of  some  soils  for  certain  species  of 
plants  may  be  inflaenced  by  the  presence  of  salts  of  these  metals 
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LITHIUM,  Li'.  Atomic  weight,  7  03. — Appears  to  be  widely 
diffused  in  nature,  although  it  is  found  in  quantity  only  in  a  few 
silicates,  lithia  mica  or  lepidolite  (2  to  5  per  cent,  of  Li),  in  petalite 
and  spodumene,  and  in  a  few  phosphates,  such  as  triphylline,  or 
ferrous  [manganous]  lithium  phosphate,  SFejP^Og.LijPO^  (with  3  to 
4  per  cent,  of  Li),  and  amblygonite  (6  to  9  per  cent,  of  Li).  It  has 
also  been  found  in  many  mineral  springs — most  abundantly  as  yet  in 
a  mineral  spring  in  Cornwall — in  sea- water,  in  the  ashes  of  various 
kinds  of  tobacco  and  other  plants,  and  in  some  meteorites. 

The  metal  lithium  is  much  less  oxidisable  than  potassium  and 
sodium.     It  makes  a  lead-grey  streak  on  paper.     When  freshly  cut 
it  has  the  colour  of  silver,  but    tarnishes  quickly  on  exposure  to 
the  air,  becoming   slightly  yellow.     It  is  harder   than   potassium 
and  sodium,  but  softer  than  lead.     It  floats  on  rock  oil,  and  is  the 
lightest  of  all  known  solids,  its  specific  gravity  being  only  "59.    It 
decomposes  water  at  the  ordinary  temperatures,  with  evolution  oi 
hydrogen,  forming  lithium  hydroxide,  LiHO,  but  does  not  melt,  ao^ 
it  ignites  in  air  only  far  above  its  melting-point  (180°  C).    Tl^e 
oxide,  OLij,,  is  not  deliquescent. 

Dry  Reactions. 

Lithium  salts  are  more  fusible  than  potassium  or  sodium  sai'tS) 
and  impart  a  very  distinct  carmine-red   colour  to  a  nOn-lumin^^^^^s 
flame  when  heated  on  platinum  wire.     An  excess  of  potassium  s-^lt 
does  not  materially  interfere  with  the  production  of  this  colour  ;  fc^ut 
the  presence  of  a  small  quantity  of  sodium  gives  rise  to  an  oran  ^^" 
yellow  flame.     Lithium   phosphate  requires   to  be  moistened  S^^st 
with  hydrochloric  acid  ;  whilst  silicates  containing  lithia  must  ffi_^* 
be  decomposed  by  means  of  strong  sulphuric  acid,  or  by  fusion  T^ith 
calcium  sulphate,  or  by  treatment  with  hydrofluoric  acid.     By  me^^*^^ 
of  the  spectroscope  the  occurrence  of  very  minute  traces  of  lithi  -«:3'°^ 
may  be  readily  detected  by  a  brilliant  crimson  band,  LiaX,  betw^^®^ 
the  lines  B  and  C,  and  sometimes  a  faint  yellow  line,  if  the  flam^    ^^ 
a  good  Bunsen  burner  be  employed. 

Reactions  in  Solution. 

Use  a  solution  of  lithium  chloride,  LiCl. 

PtCl^  produces  no  precipitate. 

HNa^PG^  (hydrogen  disodium  phosphate) — but  not  the  coir^^^r 
sponding  potassium  salt— produces  on  boiling  a  white  precipitate  ^^ 
lithium  phosphate,  2Li3PO^  +  OH^,  very  little  soluble  in  cold  wa.'*^^^ 
(250  parts),  soluble  in  HCl,  and  reprecipitated  only,  on  boiling,  aF^^ 
neutralisation  with  NH^OH.  Addition  of  a  few  drops  of  sodii*^^"^ 
hydroxide  after  the  phosphate,  in  order  that  the  solution  is  distinc?*^-^ 
alkaline,  makes  precipitation  more  certain. 

Lithium  carbonate,  especially  after  having  been  fused,  is  difl^' 
cultly  soluble  in  cold  water,  hence  an  alkali  carbonate  yields  irot^ 
concentrated  solutions  of  lithium  salts  a  crystalline  precipitate  <^* 
lithium  carbonate,  Li^OOj  (1  part  of  the  carbonate  requires  100  parf^ 
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of  cold  water  for  its  solution,  but  less  of  boiling  water).  It  is 
insoluble  in  alcohol.  When  fused  for  a  short  time  on  platinum  the 
metal  after  washing  shows  signs  of  corrosion. 

Hydrogen  lithium  tartrate  is  soluble  in  water. 

Lithium  silicofluoride  is  almost  insoluble. 


METHODS  FOR  COMPLETE  SEPARATION  OF  METALS 
OF  THE  ALKALI  GROUP. 

Before  any  account  is  given  of  methods  suitable  for  the  separation 
of  these  metals,  it  will  be  well  to  consider  briefly  those  differences 
on  which  systems  of  separation  may  be  based. 

1.  The  chlorides  of  K  and  Na  are  almost  insoluble  in  strong 
alcohol  (95  per  cent.),  whilst  those  of  Os,  Rb,  and  Li  are  fairly 
soluble. 

2.  The  carbonate  of  Li  is  relatively  insoluble  in  w£Cter.  Cs^COj  is 
soluble  in  alcohol,  whilst  Rb^COj  is  insoluble. 

3.  The  platino-chlorides  differ  remarkably  in  their  solubility  in 
water.  Thus  100  parts  of  boiling  water  dissolve  :  K,  5*18  parts ; 
Rb,  0-634  parts ;  and  Os,  0-377  parts.  At  10°  :  K,  09  parts  ;  Rb, 
0-154 parts;  Os,  005  parts. 

4.  Caesium  hydrogen  tartrate  is  eight  times  as  soluble  in  water  as 
the  corresponding  rubidium  salt. 

5.  Rubidium  iron  alum  is  readily  soluble  in  hot  water,  scarcely 
soluble  in  cold,  whilst  potassium  iron  alum  is  very  soluble,  hot  and 
cold. 

The  metals  should  be  converted  into  chlorides,  and  a  dry  mass 
obtained  by  evaporation,  then  treated  with  a  drop  or  two  of  HCl 
and  strong  alcohol. 

The  residue  consists  of  KCl  and  NaOl. 

The  solution  contains  CsCl,  RbCl,  LiCl.  The  alcohol  is  evapo- 
rated off  and  a  strong  solution  in  water  precipitated  by  PtCl^. 

The  solution  (sont8AUQ]i\hi\xm. 

The  precipitate  may  be  a  mixture  of  Cs,Pt01g  and  Rb^PtCl^ 
(together  with  probably  a  trace  of  the  K  salt). 

By  extraction  with  boiling  water  any  K  salt  can  be  removed,  and 
on  igniting  the  remaining  platinum  salts  in  a  current  of  hydrogen 
the  CsCl  and  RbCl  remaining  can  be  separated  from  the  metallic 
platinum  by  hot  water.  The  two  chlorides  are  next  converted  into 
carbonates  by  digestion  with  Ag^COg.  The  solution  can  then  be 
evaporated  to  dryness,  and  the  CsjOOg  extracted  with  boiling  alcohol, 
RbjCOj  being  insoluble.  Or,  better,  the  carbonates  may  be  converted 
into  acid  tartrates,  by  adding  to  the  solution  twice  as  much  tartaric 
acid  as  is  necessary  to  neutralise  it.  The  two  tartrates  are  sepamted 
by  fractional  crystallisation,  Hydrogen  rubidium  tartrate  crystallising 
out  first,  being  about  eight  times  less  soluble  in  water  than  the 
corresponding  caesium  salt.     On  ignition,  the  pure  tartrate  yields 
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again  the  carbonate,  from  which  the  various  salts  may  then  be 
prepared. 

Alternative  Method  of  Separation  of  C 8  from  Kb, — SnOl^,  added  to 
a  solution  of  the  chlorides  of  Na,  K,  Li,  Rb,  and  Os,  containing  free 
HOI,  forms  a  heavy  white  precipitate,  consisting  of  nearly  piire 
caesium  stannic  chloride,  208Cl,SnCl^.  By  recrystallisation  from  a 
hot  hydrochloiic  acid  solution,  the  crystals  are  obtained  pure.  This 
reaction  affords  an  easy  method  of  detecting  caesium  in  a  mixture 
of  the  alkali  chlorides.  A. hydrochloric  solution  of  SbClj  acts  simi- 
larly, precipitating  a  crystalline  double  chloride  of  CsCl,SbClj.  The 
precipitate  is  decomposed  by  water,  but  can  be  washed  without 
decomposition  with  concentrate^  HCl.  The  other  alkali  chlorides 
(K,  Na,  and  Rb)  are  not  thus  precipitated  from  moderately  dilute 
solutions. 

Daring  any  process  of  detecting  and  separating  the  metals  of  this 
group  the  spectroscope  will  prove  at  each  stage  of  great  service. 


REACTIONS  OF  THE  RARE  METALS  OF  GROUP  III. 

Group  III.  comprises  the  rare  metals  uranium,  indium,  thallium, 
beryllium  (glucinum),  thorium,  zii-coniiim,  cerium,  lanthanum,  didy- 
mium,  titanium,  tantalum,  niobium  (or  columbium),  yttrium,  erbium, 
terbium,  samarium,  and  vanadium. 

As  it  is  extremely  difficult  to  obtain  the  salts  of  these  metals  in 
a  pure  state  commercially,  and  as  the  price  charged  for  them  puts 
them  out  of  the  reach  of  most  students,  it  will  be  preferable  to 
sketch  out  briefly  how  some  of  their  minerals  can  be  made  to  furnish 
the  several  salts. 

(A)  Rare  metals  precipitated  by  the  group  reagents  ammoniuixi 
chloride,  hydroxide,  and  sulphide,  in  the  form  of  oxides  (hydroxides)- 

Besides  the  metals  aluminium  and  chromium,  already  treated  of 
in  the  main  portion  of  the  book,  there  are : 

GLUCINUM  (beryllium),  Gl".  Atomic  weight,  9-1.— This  metal 
occurs  only  in  a  few  minerals  as  a  silicate,  in  phenacite,  Gl^SiO^,  com- 
bined with  aluminium  silicate;  in  beryl,  A],Oj.3SiO,  +  3(G10.SiOj), 
and  in  smaragdite,  in  euclase,  and  some  other  rare  metals,  such  as 
leucophane. 

The  metal  is  obtained,  like  the  metal  aluminium,  from  its 
chloride.  It  is  white,  and  has  a  specific  gravity  of  1*64.  It  re- 
sembles zinc  and  aluminium  in  dissolving  in  HCl,  as  well  as  KHO, 
with  evolution  of  hydrogen.  In  other  respects  also  Gl  resembles  Al, 
and  doubt  existed  as  to  whether  its  oxide  was  Gl^Oj  or  GIO.  It  is  now 
definitely  settled  that  the  latter  is  correct,  and  the  metal  is  closely 
allied  to  Mg.  Its  oxide  (GIO)  is  a  white  powder,  insoluble  in  water. 
It  may  be  prepared  by  fusing  the  finely  powdered  native  silicate 
with  four  times  its  weight  of  fusion  mixture,  decomposing  the  mass 
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nth  HCl,  and  evaporating  to  dryness  to  sepaiate  the  SiO,.  From  the 
ICl  filtrate  both  the  Al^Oj  and  GIO  are  precipitated  by  ammonium 
ydroxide.  On  boiling  the  precipitate,  however,  for  some  time 
^ith  ammonium  chloride,  NH,  is  evolved,  and  is  dissolved  out  as 
hloride,  GICI,,  the  insoluble  Alj(H0)6  remaining  behind.  The  pure 
;elatinous  hydroxide,  Gl(HO)j,  can  then  be  precipitated  from  the 
iltrate  by  means  of  ammonium  hydroxide.  On  ignition  it  yields  the 
^hite  anhydrous  oxide,  GIO,  of  specific  gravity  3  08. 

Another  method  is  to  treat  the  fused  mass  with  H^SO^,  remove 
he  SiOg,  and  recrystallise  the  potassium  alums  thus  foi'med,  from 
^ater,  that  of  glucinum  being  much  more  soluble  than  the  alu- 
oinium  salt. 

From  the  oxide  the  salts  may  be  obtained  by  dissolving  in  the 
espective  acids.  Glucina  (beryllia)  combines  both  with  acids  and 
)ases.  Its  salts  are  colourless,  and  of  a  sweet,  slightly  astringent 
aste ;  they  show  an  acid  reaction. 

)ry  Reactions. 

Glucinum  compounds  give  no  characteristic  reactions  in  the  dry 
v^ay.  GIO  and  Co(N03),  yields  a  grey  mass  when  heated  on  char- 
coal. 

Reactions  in  Solution. 

Use  a  solution  of  glucinum  sulphate,  GISO^. 

The  group  reagents  NH^HO  and  (NHJ^S,  as  well  as  the  fixed 
caustic  alkalies  and  alkaline  earthy  bases,  precipitate  glucinum 
hydroxide,  Gl(HO)g  (flocculent),  soluble,  like  Alj,{IIO)g,  in  excess  of 
the  fixed  alkalies,  but  not  in  NHpH.  On  boiling,  Gl(HO)j  is 
almost  completely  reprecipitated  from  a  dilute  NaHO  or  KHO 
solution.  (Distinction  from  Al^Og.)  Like  Al^Og,  it  is  reprecipitated 
also  on  the  addition  of  ammonium  chloride. 

(NHJjCOj  gives  a  white  precipitate  of  basic  glucinum  carbonate, 
freely  soluble  in  excess,  reprecipitated  as  basic  carbonate  or 
boiling.     (Distinction  from  Al^Og.) 

NajCOg  or  K^COj  precipitates  likewise  white  carbonate,  soluble 
only  in  large  excess  of  the  precipitants. 

BaCOj  precipitates  glucinum  completely,  even  in  cold  solutions. 

Oxalic  acid  or  the  oxalates  give  no  precipitate,  this  being  an 
important  distinction  between  Gl  and  other  metals  of  the  group. 

Besides  these  characteristic  reactions  may  be  mentioned  the 
difficultly  soluble  double  sulphate,  K,S0,,G1S0,  +  30H„  which  the 
readily  soluble  glucinum  sulphate  forms  when  mixed  with  potassium 
sulphate  solution. 

Separation  of  Alfi^  from  GIO. — Dissolve  in  HOI ;  pour  slowly, 
md  with  continued  stirring,  into  a  warm  concentrated  solution  of 
NHJjCOj.  A  precipitate  forms,  consisting  of  Alj,(HO)g,  the  solution 
ontaining  the  glucinum  as  double  carbonate.  Neutralise  filtrate 
dth  HCl ;  boil,  and  add  NH/)H.     Gl(HO),  is  precipitated. 


362  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

ZIRCONIUM,  Zt'\  Atomic  weight,  90-6;  specific  gravity,  4-08. 
— Found  as  silicate,  chiefly  in  the  rare  mineral  zircon,  ZrSiO^. 
This  silicate  is  not  attacked  by  acids,  and  the  finely  divided  sub- 
stance must  be  decomposed  by  fusion  at  a  high  temperature  with 
fusion  mixture,  or,  better,  with  KHO.  The  mass  is  extracted  with 
water,  evaporated  to  dryness  with  HOI,  in  order  to  remove  SiO, 
and  to  decompose  the  insoluble,  sandy-looking  disodium  zirconate, 
ZrNa^Oj,  and  is  then  precipitated  with  NHpH.  The  element 
itself  has  been  obtained  in  white,  metallic-looking  scales  by  the 
decomposition  of  the  double  fluoride  of  potassium  and  zirconium, 
2KF,ZrF^,  by  means  of  metallic  aluminium.  The  element  is  also 
obtained  mixed  with  MgO,  on  heating  ZrO,  with  magnesium  powder. 
The  hydroxide  is  white  and  voluminous,  resembling  A1,(H0)5,  but 
is  insoluble  in  alkalies.  It  dries  up  to  yellowish,  transparent  lumps, 
Zr(HO)^,  which  dissolve  readily  in  acids.  On  ignition  this  hydrate 
loses  its  water,  and  also  undergoes  a  molecular  change,  when  the 
dioxide,  ZrO„  is  no  longer  soluble  in  dilute  acids. 

Zirconic  salts,  obtained  by  dissolving  the  hydroxide  in  dilute  adds, 
are  colourless,  and  of  an  astringent  taste. 

Dry  Reactions. 

Of  all  the  earthy  oxides,  ZrO,  is  the  only  one  which  remains 
entirely  unaltered  when  submitted  to  the  action  of  the  oxyhydrogen 
blowpipe.  It  gives  out  a  very  intense  and  pure  light.  Moistened 
with  Co(N03),,  ^^^  intensely  heated,  the  mass  becomes  of  a  dirty 
violet  colour.  With  borax  ZrO,  yields  a  colourless  glass,  which 
becomes  slightly  opaque  when  cold. 

Reactions  in  Solution. 

Use  a  solution  of  the  sulphate,  Zr(S0J,,  or  chloride,  which  may 
be  obtained  by  heating  the  oxide  with  ammonium  chloride  to  a  high 
temperature. 

The  group  reagents  (NHJ^S  or  NHpH  produce  a  white  floccu- 
lent  precipitate  of  the  hydroxide,  Zt(S.O)^,  insoluble  in  excess; 
insoluble  also  in  NaHO  or  KHO  ;  soluble  in  dilute  mineral  and  some 
organic  acids  if  precipitated  cold.  When  precipitated  from  hot 
solutions  the  hydroxide  is  more  insoluble  (distinction  from  Al 
and  01). 

KHO  or  NaHO,   same  precipitate,  insoluble    in    excess,  not 

dissolved  by  a  boiling  solution  of  NH.Ol  (distinction  from 

Gl). 
(NHJyCOj  produces  a  white   flocculent  precipitate  of  a  baac 

carbonate,  readily  soluble  in  excess,  reprecipitated  on  bcnling 

(distinction  from  Al). 
KjjCOg  and  Na^COg,  same  precipitate,  redissolving  in  a  large  ezcess 

of  K3CO3,  especially  of  KHCO,  (distinction  from  Al). 
BaCOg  gives  no  precipitate  in  the  cold,  and  precipitates  zirconium 

salts  imperfectly,  even  on  boiling. 
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Oxalic  acid  or  ammonium  oxalate  gives  a  bulky  precipitate  of 
zirconium  oxalate  (distinction  from  Al  and  Gl),  insoluble  in 
excess,  difficultly  soluble  in  HOI,  soluble  in  excess  of  ammo- 
nium oxalate  (distinction  from  Th).  The  normal  zirconium 
sulphite  does  not  give  the  characteristic  reaction  with  oxalic 
acid  or  ammonium  oxalate. 

HF  produces  no  precipitate  (distinction  from  Th  and  Y). 

Na^jOj  precipitates  zirconium  thiosulphate,  ZrS^Og  (distinction 
from  Y,  Er,  and  didymium).  The  separation  takes  place  on 
boiling,  even  in  the  presence  of  100  parts  of  water  to  one  of 
ZrO,  (distinction  from  Oe  and  La). 

Zirconium  sulphate,  Zn(S0^)2,  forms  with  potassium  sulphate  an 
insoluble  double  sulphate  of  Zr  and  K,  insoluble  in  excess  of  KgSO^ 
(distinction  from  Al  and  01).  When  precipitated  cold,  it  dissolves 
readily  in  a  large  proportion  of  HOI,  but  is  almost  insoluble  in  water 
and  HOI,  when  the  K^SO^  is  added  to  a  hot  solution  (distinction 
from  Th  and  Oe). 

Turmeric  paper,  when  dipped  into  a  hydrochloric  acid  solution  of 
a  zirconium  salt,  acquires  a  brownish  red  colour  after  drying  in  the 
i^ater-bath  (distinction  from  Th).  But  titanic  acid — the  only  other 
metal  whose  compounds  affects  turmeric  paper  under  the  same  cir- 
cumstances— colours  the  paper  brown,  and  its  presence  may  there- 
fore prevent  the  zirconium  from  being  recognised.  If  the  TiO^  be, 
Jiowever,  first  reduced  by  means  of  zinc  and  HOI  to  the  state  of 
sesquichloride — the  reduction  being  marked  in  the  solution  by  a 
change  of  colour  to  pale  violet  or  blue — it  no  longer  colours  turmeric 
paper,  and  any  change  in  the  colour  of  the  latter  is  then  due  to 
zirconium  alone.  The  reaction  requires  great  care,  however,  as,  on 
exposure  of  the  paper  to  air,  the  Ti^Og,  passing  again  to  the  state  of 
TiO,,  would  in  its  turn  colour  the  turmeric  paper,  and  thus  render 
the  observation  doubtful. 

The  oxide,  ZrO„  has  been  used  as  a  substitute  for  OaO  in  the 
oxyhydrogen  light  and  in  other  gas  lights,  on  account  of  its  greater 
durability  and  power  of  incandescence. 

THORIUM,  Th^^  Atomic  weight,  232-5.— Found  in  a  few  rare 
minerals  only — viz.,  in  thorite  (orangite),  consisting  principally 
of  a  hydrated  silicate,  ThSi04,20H2,  in  monachite,  pyrochlor,  and 
monazite. 

Thorium  compounds  have  now  become  of  very  great  commercial 
importance,  since  the  oxide  forms  over  98  per  cent,  of  ordinary 
incandescence  gas  mantles.  Reference  is  made  later  (p.  372)  to 
methods  by  which  thorium  compounds  are  separated  from  other 
accompanying  elements.  It  is  a  very  desirable  exercise  for  students 
to  effect  its  separation  from  the  mixture  of  oxides  obtained  from  a 
few  mantles. 

Thorium  forms  one  oxide,  ThO^,  which  is  quite  white,  and  which 
when  heated  emits  practically  no  light.     The  hydroxide,  Th(OH)^,  is 
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insoluble  in  alkalies,  and  after  ignition  only  soluble  with  difficulty  in 
a?ids.     In  the  moist  condition  it  is  readily  soluble. 

Dry  Reactions. 

ThOjj,  when  heated  before  the  blowpipe,  remains  infusible;  it 
imparts  no  tinge  to  the  flame,  and  gives  a  colourless  borax  bead.  It 
yields  no  characteristic  reaction  with  00(^03),  when  heated  therewith. 

Reactions  in  Solution. 

Thorium  sulphate,  Th(SOJ,  may  be  used. 

(NHJjS  or  NHpH  (group  reagents)  precipitates  the  white  gela- 
tinous hydroxide,  Th(H0)4,  insoluble  in  excess. 

KHO  or  NaHO,  same  precipitate,  insoluble  in  excess  (distinction 
from  Al  and  Gl). 

Ammonium,  potassium,  and  sodium  carbonates  precipitate  white 
basic  thorium  carbonate,  readily  soluble  in  excess  of  the  pre- 
cipitants,  difficultly  soluble  in  dilute  solutions  (distinction 
from  Al).  From  a  solution  in  (N'H^)jC03  thorium  carbonate 
is  reprecipitated,  even  at  50°  C. 

BaC03  precipitates  thorium  salts  completely  in  the  cold. 

Oxalic  acid  produces  a  white  precipitate  (distinction  from  Al 
and  (il),  not  soluble  in  excess  nor  in  dilute  mineral  acids ; 
soluble  in  ammonium  acetate,  containing  free  acetic  acid 
(distinction  from  Y  and  Ce). 

HF  precipitates  gelatinous  thorium  tetrafluoride,  ThF^,  which 
becomes  pulverulent  after  some  time  ;  the  precipitate  is  insoluble  in 
water  and  in  HF  (distinction  from  Al,  Gl,  Zr,  and  TiO,). 

Na^S^Og  precipitates  thorium  thiosulphate,  Th(S,03)„  mixed  with 
sulphur,  from  neutral  or  acid  solution?.  The  precipitation  is  not 
complete  (distinction  from  Y,  Er,  and  Di). 

A  boiling  concentrated  solution  of  K^SO^  precipitates  slowly,  but 
completely,  the  whole  of  the  thorium  sulphate  as  white  crystelline 
insoluble  potassio-thorium  sulphate,  K4Th(S0J^  +  20H,  (distinction 
from  Al  and  Gl),  soluble  with  difficulty  in  cold,  and  also  in  hot 
water,  readily  on  the  addition  of  some  HCl. 

KjjCrO^,  preferably  to  a  solution  in  chromic  acid  (the  bichromates 
of  this  and  allied  metals  being  very  soluble),  precipitates  on  boiling 
Th(CrOJjj.3H20  as  an  orange-yellow  precipitate.  Ce,  La,  and  didy- 
mium  do  not  readily  precipitate,  whilst  Zr  gives  a  basic  chromate. 

Boiling  sodium  acetate  precipitates  basic  thorium  acetate, 
Th(CH3C02)2(OH2)j.  Zirconium  also  gives  a  basic  acetate,  but  not  Ce, 
La,  or  didymium. 

Tartaric  acid  precipitates  a  basic  tartrate,  C^H^Oy.Th(OH)j.  Zr 
gives  a  similar  precipitate,  but  not  Ce,  La,  or  didymium. 

Potassium  azoimide  (trinitride),  which  may  be  prepared  by 
neutralising  a  dilute  solution  of  azoimide  with  KHO,  completely  pre- 
cipitates Th  on  boiling.  (Ce,  La,  and  didymium  give  no  precipitate.) 

Metanitrobenzoic  acid,  in  solutions  free  from  mineral  acids,  pre- 
cipitates Th  on  boiling  as  Th(CeH^.N0^.C00)4.     Ceric  salts,  but  not 
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cerous,  give  a  precipitate,  and  also  erbium,  but  no  other  members  of 
the  rare  earth  groups. 

Water  saturated  with  aniline  precipitates  from  chloride  or  nitrate 
solutions  thorium  hydroxide.  Ce,  La,  didymium,  Y,  Er  give  no 
precipitate. 


THE  RARE  EARTHS. 

A  group  of  elements  is  found  in  certain  rare  minerals — cerite, 
gadolinite,  euxenite,  samarskite,  and  a  few  others.  The  members  of 
this  group  exhibit  close  analogies  in  chemical  behaviour,  and  are 
usually  termed  metals  of  the  rare  earths.  It  is  a  matter  of  great 
dif&culty  to  separate  them,  and  possibly  some  are  not  really  elements. 
The  members  of  the  group,  in  the  order  of  their  atomic  weights, 
are:  Scandium  (Sc),  yttrium  (Y),  lanthanum  (La),  cerium  (Ce), 
praseodymium  (Pr)  and  neodymium  (Nd)  (forming  didymium), 
samarium  (Sa),  gadolinium  (Gd),  erbium  (Er),  terbium  (Tb),  and 
ytterbium  (Yb),  and  some  others  not  yet  definitely  proved  as 
individuals. 

SCANDIUM,  Sc'".  Atomic  weight,  44- 1.  —  This  earth  concen- 
trates in  the  insoluble  basic  nitrates  on  the  separation  of  Yb.  Its 
nitrate  is  next  to  Yb  in  difficulty  of  decomposition  by  heat,  the  two 
earths  differing  greatly  in  this  respect  from  Er,  Tb,  Yt,  &c.  Yb  and 
Sc  may  be  separated  by  heating  their  nitrates,  or  by  precipitation  of 
scandium  potassium  sulphate  by  addition  of  K^jSO^.  SCjj(SOj3,3KjSO^ 
is  quite  insoluble,  the  Yb  salt  soluble.  Sc^Oj  is  white,  specific  gravity 
3*864,  and  resembles  MgO  or  GIO;  it  is  infusible,  and  not  very 
soluble  in  acids. 

NH^H  precipitates  Sc(H0)3,  insoluble  in  excess  of  KHO  or 
NHpH.  The  oxalate  is  slightly  soluble  in  water,  1  in  1080. 
Other  salts  are  very  similar  to  those  of  Yb. 

This  element  is  found  in  a  number  of  rare  minerals,  as  euxenite, 
samarskite,  orangite,  &c. 

YTTRIUM,  Y'"  (atomic  weight,  89-0;  specific  gravity,  3  8), 
and  ERBIUM,  Er'"  (atomic  weight,  166 ;  specific  gravity,  477). — 
These  very  rare  elements  are  only  found  in  a  few  minerals,  as  ytter- 
bite,  or  gadolinite,  orthite,  yttrotantalite,  and  in  monazite  sand,  &c. 
The  metals  have  never  been  obtained  pure.  Yttrium  and  erbium, 
and  possibly  terbium,  occur  together  in  nature,  and  closely  resemble 
the  metals  of  the  cerite  group.  They  differ  from  most  other  earths 
in  being  completely  soluble  in  acids,  even  after  ignition,  and  from 
the  cerite  oxides  by  not  forming  an  insoluble  double  sulphate  with 
potassium  sulphate.  In  other  respects  they  exhibit  almost  the  same 
behaviour  with  reagents,  and  can  only  be  approximately  separated 
from  each  other.  Yttrium  salts  are  white.  Erbium  salts  have  a 
more  or  less  bright  rose  tint,  crystallise  readily,  and  possess  a  sweet. 
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astringent  taste.     Anhydrous  YCl,  is  not  volatile  (distinction  from 
chlorides  of  Al,  Gl,  and  Zr). 

(NH^),S  or  NH^OH  (group  reagents)  precipitate  the  hydroxides, 
insoluble  in  excess.  Large  excess  of  (NHJ,S  somewhat 
prevents  the  precipitation  of  yttrium  hydroxide. 

KHO  or  NaHO  precipitates  white  hydroxides,  Y(H0)3  or 
Er(H0)3,  insoluble  in  excess  (distinction  from  Al  and  Gl). 
The  precipitation  of  yttrium  by  alkali  hydroxides  is  not  pre- 
vented by  the  presence  of  tartaric  acid  (distinction  from  Al,  Gl, 
Th,  and  Zr),  yttrium  being  slowly  but  completely  precipi- 
tated as  tartrate.     Erbium  is  not  completely  precipitated. 

K,C03  and  NajjC03  pi'^cipitate  white  carbonates,  difficultly 
soluble  in  excess,  more  readily  soluble  in  KHCO3  and  in 
NH^HC03  (but  not  so  readily  as  GICO3).  On  boiling  the 
whole  of  the  yttria  is  deposited  (distinction  of  Y  from  Al, 
Gl,  Th,  Ce,  and  I)i).  NH.Cl  decomposes  Y,(C03)3,  with 
evolution  of  NH3  and  CO,,  and  formation  of  YC)3.  Satu- 
rated solutions  of  Y,(C03)3  in  (NHJ^OOs  or  NajC03  have  a 
tendency  to  deposit  a  double  carbonate. 

Ba003  produces  with  erbium  salts  no  precipitate,  either  "cold 
or  when  heated  ;  and  yttrium  salts  are  but  imperfectly  pre- 
cipitated on  heating  (distinction  of  Er  and  Y  from  Al,  Gl, 
Th,  Ce,  La,  Di). 

Oxalic  acid  produces  a  precipitate  of  white  yttrium  oxalate, 
Y,(Cp,)3-f  60H,  (distinction  of  Y  from  Al  and  Gl),  insoluble 
in  excess,  difficultly  soluble  in  dilute  HCl,  and  partially 
dissolved  by  boiling  with  ammonium  oxalate.  Erbium  salts 
are  likewise  precipitated  as  oxalate,  Er,(0,0^)3 -f  60H,,  ^ 
the  form  of  a  light  rose-coloured,  heavy,  sandy  powder. 

HF  precipitates  white  amorphous  hydrated  yttrium  fluoride, 
insoluble  in  water  and  HF;  soluble,  before  ignition,  in 
mineral  acids ;  decomposed  only  by  strong  H,S04.  (^^^' 
tinction  of  Y  from  Al,  Gl,  Zr,  and  Ti.) 

A  cold  saturated  solution  of  Y2(SO^)3  becomes  turbid  between 
80°-40°  C,  and  on  boiling  is  almost  entirely  precipitated. 
Er^(S0j3  forms  with  K^SO^  potassio-erbium  sulphate, 

Er,(S0,)3,K,S0„ 

difficultly  soluble  in  cold  water  when  hydrated,  but  readily  soluble 
in  the  anhydrous  condition,  and  on  warming. 

Potassium  yttrium  sulphate  dissolves  readily  in  water  and  in  * 
solution  of  K,SO^.  (Distinction  of  Y  and  Er  and  Sm  from  Th,  Zr, 
and  the  metals  of  the  cerite  group.) 

When  erbium  nitrate  is  heated  on  a  platinum  wire  in  ft  ^^ 
flame  it  imparts  an  intense  greenish  colour  to  the  flame,  which, 
when  seen  through  the  spectroscope,  shows  bright  lines  in  t^® 
yellow  and^een,  also  in  the  orange  and  in  the  blue  in  an  otherv^ise 
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continuous  spectrum.  These  bright  lines  coincide  with  certain  black 
so-called  absorption  bands  which  erbium  gives  when  white  light  is 
passed  through  a  concentrated  solution  of  its  salts.  These  absorp- 
tion bands  are  characteristic  for  erbium,  as  yttrium  solutions  show 
none  under  like  circumstances. 

In  a  **  radiant  matter  tube  "  yttrium  compounds  give  a  phospho- 
rescence, the  spectrum  of  which  exhibits  a  number  of  lines,  the 
most  striking  of  which  are  in  the  yellow  or  orauge.  Although  only 
present  in  small  amount  in  any  known  mineral,  Sir  W.  Crook es' 
experiments  show  that  yttria  is  exceedingly  widely  distributed  in 
nature. 

Separation  of  Y  from  Er, — The  different  solubility  of  the 
nitrates  of  erbium  and  yttrium  in  water  has  been  made  available 
for  the  separation  of  these  two  closely  allied  metals.  On  heating  a 
mixture  of  their  nitrates  to  incipient  decomposition,  and  dissolving 
the  residue  in  boiling  water,  the  solution  deposits  on  cooling  rose- 
red  crystals  of  basic  erbium  nitrate,  whilst  the  mother-liquor  contains 
chiefly  yttrium  nitrate.  By  repeating  the  same  process  of  separa- 
tion many  times  the  earths  may  be  obtained  approximately  pure  by 
finally  igniting  the  nitrates. 

The  only  reliable  method  of  separation  is  to  fractionally  precipi- 
tate and  examine  each  fraction  with  the  spectroscope,  or  place  in  a 
vacuum  tube  through  which  an  induction  charge  can  be  sent,  and 
the  phosphorescent  glow,  given  by  many  substances,  examined  by  the 
spectroscope. 

TERBIUM,  Tb.  Atomic  weight,  159-2.— The  oxide,  Tb.Og,  of  this 
metal  has  been  separated  from  Yt,  Er,  and  Cb  in  North  Carolina 
samai*skite  by  converting  the  oxides  of  Yt,  Er,  and  Tb  into  formates, 
and  submitting  them  to  fractional  crystallisation.  The  oxide  is  a 
dark  ochre-brown  powder.  Its  salts  are  isomorphous  with  those 
of  white  Yt,  didymium,  and  Er. 

YTTERBIUM,  YV".  Atomic  weight,  173.— Euxenite  is  the  most 
abundant  source  of  this  earth,  where  it  is  accompanied  by  the 
oxides  of  six  or  seven  closely  related  elements,  scandium,  samarium, 
&c.  Ytterbia  has  been  separated  by  the  very  tedious  process  of 
evaporating  the  nitrates  and  heating  considerably,  whereby  basic 
salts  insoluble  in  water  are  formed,  Sc,  Th,  Di,  Er,  Y  being  relatively 
less  soluble  than  ytterbium.  The  operations  have  to  be  repeated 
many  times.  The  pure  earth  is  obtained  from  the  nitrate  by  addition 
of  oxalic  acid  and  igniting  the  oxalate  formed. 

YbjO,  is  a  heavy,  white,  infusible  powder,  easily  soluble  in 
warm  dilute  acids.  The  solutions  are  colourless.  Specific  gravity  of 
oxide  =  9*175.  Its  salts  have  a  sweet  taste.  The  nitrate  is  scarcely 
decomposed  by  heating,  and  remains  soluble  (characteristic). 

NH^OH  precipitates  the  hydroxide,  Yb(  110)3.  '^^^  sulphate, 
Yb,(S0^)3,  is  soluble  in  water.  The  chloride,  YCI3.GHP,  when 
dissolved  in  water,  acts  on  polarised  light.  The  acid  selenite, 
Yb,(Se03)j,H,Se03,40Hj,  is  precipitated  from  neutral  solutions,  and 
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is  white  and  insoluble.  The  oxalate,  Yb,(C,O^)j,10OH„  is  insoluble 
in  dilute  acids. 

CERIUM,  Ce»,  ^,  and  ^\  Atomic  weight,  140-42.  LANTHANUM, 
La"'.  Atomic  weight,  1381).  PRASEODYMIUM,  Pr*"  and  '\ 
Atomic  weight,  140-5.  NEODYMIUM,  Nd"'.  Atomic  weight, 
143*6. — These  rare  metals,  with,  possibly,  samarium,  constitute, 
like  Yt,  Er,  Yb,  Sc,  and  Tb,  a  group  which  may  conveniently  be 
studied  together.  The  most  abundant  of  the  few  cerium  minerals 
is  cerite,  a  hydrated  silicate  of  the  three  metals  Ce,  La,  and  Di,  as 
well  as  of  iron  and  calcium.  For  methods  of  extraction  and  separa- 
tion see  p.  372. 

CERIUM.  Specific  gravity  =  7-042.  Melting-point,  623'  (?).— This 
metal  exists  both  in  the  dyad,  pseudo-triad,  and  tetrad  condition. 
Metallic  cerium  may  be  obtained  by  electrolysing  the  fused  chloride 
mixed  with  10  per  cent,  of  NaCl  +  KCl,  using  a  current  of  30-40 
amperes  at  12-15  volts,  also  by  the  aluminium  powder  reaction. 

The  metal,  heated  to  250-270°  in  a  current  of  hydrogen,  burns, 
forming  a  hydride^  CeHg,  stable  in  dry  air ;  heated  in  nitrogen 
to  850°,  the  nitride,  CeN,  a  brass-yellow  substance,  is  formed. 

It  forms  the  several  oxides  : 

CeO(?)  Ce,03       Cei^O,     and     CejO,  or  CeO,Ce,03  (?). 

Cerous  oxide.    Ceric  oxide     Ceric  Ceroso-ceric  oxide,  or 

(sesquioxide).  dioxide.  triceric  tetroxide. 

Ceric  oxide  and  eerie  dioxide  are  both  capable  of  combining  with 
acids  to  form  two  series  of  salts.  The  pure  oxides  may  be  insoluble 
in  HNO3,  but  in  presence  of  La  and  didymium  soluble  complex  oxides 
are  formed.  They  are  colourless,  or  slightly  amethyst-red,  and  acid 
to  litmus.  Cerous  chloride  is  fusible,  but  not  volatile  (distinction 
from  Al,  01,  and  Zr).  Cerous  sulphate  is  not  entirely  soluble  in 
boiling  water. 

Cerous  chloride  may  be  formed  by  rapidly  heating  a  mixture  of 
the  oxide  with  ammonium  chloride  to  about  800°  C. 

Dry  Reactions. 

All  cerium  compounds  give  with  borax,  or  microcosmic  salt,  in 
the  outer  flame,  a  clear  bead,  which  is  dark  red  while  hot  (distinction 
from  the  preceding  earths),  fainter  or  nearly  colourless  on  cooling. 
In  the  inner  flame  a  colourless  bead,  or,  if  ceric  oxide  is  present, 
a  yellow  opaque  bead,  is  obtained.  Lanthanum  compounds  give 
colourless  beads,  and  didymium  compounds  give  with  borax  colour- 
less, or,  if  in  large  quantity,  pale  rose-coloured  beads,  in  both- flames, 
and  with  microcosmic  salt  in  the  reducing  flame  an  amethyst-red 
bead,  inclining  to  violet. 

Reactions  in  Solution. 

(A)  CEROUS  COMPOUNDS.— A  solution  of  cerous  chloride,  Ce.Clg, 

or  the  nitrate,  may  be  used. 
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Ammonium  sulphide  (gi*oup  reagent)  throws  down  the  white 
cerous  hydroxide,  Ce,(HO)g,  insoluble  in  excess.  The  moist 
hydroxide  absorbs  oxygen,  becoming  purple,  then  yellow. 
On  ignition  eerie  oxide  i-esults. 

Ammonium  hydroxide  precipitates  a  basic  salt,  insoluble  in 
excess  ;  the  presence  of  tartaric  acid  prevents  the  precipita- 
tion by  NH^HO  (distinction  from  Y),  but  not  by  KHO. 

Excess  of  NH^HO,  followed  by  addition  of  hydi'ogen  peroxide 
(H,0,),  gives  an  orange  precipitate  or  coloration,  alTording 
a  very  delicate  test  for  Ce. 

KHO  or  NaHO  precipitates  white  cerous  hydroxide,  insoluble  in 
excess,  which  turns  yellow  on  exposure  to  the  air,  or  when 
acted  upon  by  oxidising  agents,  such  as  chlorine  water, 
sodium  hypochlorite,  «fec.,  being  converted  into  yellow 
hydrated  ceroso  eerie  oxide,  Ce30^,3H,0  (distinction  from 
Al  and  Gl). 

KjCO,,  Na,C03,  or  (NH^),C03,  produces  a  white  precipitate  of 
cerous  carbonate,  06,(003)3,  sparingly  soluble  in  excess  of 
the  fixed  carbonates,  somewhat  more  soluble  in  (NHJjj003  > 
insoluble  in  water  and  00, ;  decomposed  by  dilute  acids. 

BaC03  precipitates  cerium  salts  slowly,  but  completely,  on 
standing. 

Oxalic  acid,  or  ammonium  oxalate,  precipitates  cerium  com- 
pounds completely,  even  from  moderately  acid  solutions,  as  a  curdy 
white  precipitate  (turning  slowly  crystalline)  of  cerous  oxalate, 
06^(0,0^3,9 H,0,  insoluble  in  excess  of  the  precipifcants  (distinction 
from  Zr),  but  soluble  in  a  large  excess  of  HCl  and  somewhat  soluble 
in  ammonium  acetate.  On  ignition  cerous  oxalate  leaves  yellowish 
white  ceroso-ceric  oxide,  Ce30^,  or  CeOj  (distinction  from  Al  and  Gl, 
which  form  soluble  oxalates). 

A  saturated  solution  of  potassium  sulphate  produces  a  white 
crystalline  precipitate  of  potassio-cerous  sulphate,  3X^80^,082(80^3, 
even  from  somewhat  acid  solutions  (distinction  from  Al  and  Gl) ; 
difficultly  soluble  in  cold  water,  readily  soluble  on  heating,  quite 
insoluble  in  a  saturated  solution  of  K,SO^  (distinction  from  Y  and 
Er);  soluble  in  much  dilute  HCl.  With  dilute  solutions  the  pre- 
cipitates take  some  time  to  form. 

This  characteristic  precipitate,  as  well  as  the  easily  distinguish- 
able oxalate,  and  the  yellow  precipitate  of  ceroso-ceric  oxide — free 
from  La  and  didymium,  precipitable  in  the  filtrate  as  oxalates — 
which  oxidising  agents  produce,  serve  to  distinguish  cerium  from  all 
other  metals. 

(B)  CERIC  COMPOUNDS.— Salts  of  CeO,,  such  as  the  sulphate, 
oxalate,  <kc.,  are  yellow,  and  are  either  difficultly  soluble  or  insoluble 
in  water.  Dyad  (triad)  (?)  cerium  appears,  in  fact,  to  give  rise 
to  more  stable  compounds ;  thus,  Ce02,  when  heated  with  IlCl, 
does  not  form  OeOl^,  but  yields  (CeOU)  +  CL. 

Oxidising  agents,  such  as  01,  passed  into  a  solution  of  KHO, 

i>4 
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containing  Ce,(HO)g  in  suspension,  sodium  hypochlorite,  PbOj, 
HNO3,  HgO,  or  potassium  permanganate,  convert  cerous  into  eerie 
compounds,  and  furnish  methods  for  the  separation  of  Ce  from  La 
and  didymium.  Reducing  agents  produce  the  reverse  chemical 
action.  Cerium  resembles  in  this  respect  iron  rather  than 
aluminium. 

LANTHANUM.  Specific  gravity  =  G154.  Melting-point,  810^— 
This  metal  forms  only  one  class  of  salt,  which  is  colourless  when  free 
from  didymium  salts,  and  possesses  a  sweet,  astringent  taste. 

Metallic  lanthanum  can  be  obtained  by  the  electrolysis  of  its 
fused  chloride.  When  heated  in  hydrogen  to  240°  it  forms  the 
hydride,  LaH,,  which  is  more  stable  than  GeH,.  At  a  red  heat  with 
nitrogen  it  forms  the  nitride,  LaN.    . 

Lanthanum  forms  an  oxide,  La^Oj,  and  a  peroxide,  La^Oj  + 
nH,0  (?). 

Lanthanum  oxide  is  white,  and  is  not  altered  even  by  strong 
ignition  (distinction  from  Ce),  being  still  readily  soluble  in  acids. 
Both  the  oxide  and  the  hydroxide  turn  red  litmus  paper  blue.  Bj 
fusing  La^Og  with  alkali  carbonates,  or  heating  with  concentrated 
solutions  of  the  hydroxides,  lanthanates  of  the  type  M^.La^,  are 
formed.  La^Oj  decomposes  ammonium  salts,  in  solution,  on  boiling, 
with  evolution  of  NH3.  Lanthanum  resembles  in  this  respect 
magnesium.  La^^O^  slowly  evolves  oxygen,  has  basic  properties,  but 
does  not  form  compounds  with  acids,  as  does  La^Oj.  A  cold  satu- 
rated solution  of  lanthanum  sulphate  deposits  a  portion  of  the  salt 
already  at  30°  C.  (distinction  from  Ce).  In  its  reactions  lanthanum 
closely  resembles  cerium. 

Reactions  in  Solution. 

Use  a  solution  of  lanthanum  chloride,  LaClj. 

Ammonium  sulphide  and  hydroxide  precipitate  basic  salts,  which 

pass  milky  through  the  filter  on  washing. 
KHO  or  NaHO  precipitates   lanthanum   hydroxide,  La(H0)3, 

insoluble  in  excess,  unalterable  in  the  air  or  in  the  presence 

of  oxidising  agents  (distinction  from  Ce). 
A  mmonium  carbonate  gives  a  precipitate  which  is  insoluble  in  ai^ 

excess  of  the  precipitant  (distinction  from  Ce). 
KgCOg,  NajjCOa,  BaCOg,  oxalic  acid,  or  potassium  sulphate  gives 

similar  precipitates  as  with  cerium  salts. 

When  the  slimy  precipitate  which  a  cold  dilute  solution  of 
lanthanum  oxide  yields  on  supersaturation  with  ammonia  is  washed 
repeatedly  with  cold  water,  and  a  few  small  crystals  of  iodine  added 
to  it,  a  blue  coloration  is  produced,  which  gradually  pervades  the 
entire  mixture  (characteristic  for  La  compounds  only). 

PRASEODYMIUM,  Pr  (atomic  weight,  140-5  ;  specific  gravity,  6  475 
melting-point,  940°),  and  NEODYMIUM,  Nd  (atomic  weight,  143-6; 
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pecific  gravity,  6*956  ;  melting-point,  840^),  were  regarded  rs  the 
ne  element  didymium,  but  Welsbach  succeeded  in  resolving  the 
itter  into  its  two  constituent  elements.  Both  metals  form  double 
ulphates  with  potassium^  that  of  Nd  being  the  more  soluble  in  solu- 
lons  of  KjSO^,  hence  affording  a  basis  for  their  separation.  The 
ouble  manganese  nitrate,  crystallisable  from  1*3  sp.  gr.  nitric  acid, 
Iso  affords  a  very  good  method. 

Praseodymium  forms  two  oxides — Pr^Og,  a  green  substance,  from 
rhich  the  salts  may  be  derived,  and  PrO^,  which  is  black,  does  not 
ield  salts,  and  behaves  generally  as  a  peroxide,  evolving  oxygen 
i^hen  heated  strongly  and  CI  when  heated  with  HCl. 

Generally  the  praseodymium  salts  are  green  and  give  green  solu- 
ions.  Most  of  them  crystallise  with  several  proportions  of  water  of 
jrystallisation.  The  principal  simple  salts  are  :  PrCl3.7H20,  which 
OSes  wat^r  at  ordinary  temperatures  in  dry  air,  forming  PrClj.SHjO 
[this  salt,  on  heating  to  185°  in  a  current  of  dry  HGl  gas,  yields  the 
anhydrous  chloride  as  a  green  liquid);  the  nitrate,  Pr(N03)3.6HjO; 
the  sulphate,  Pr,(S0,)3,with  8  or  5  H,0 ;  the  oxalate,  Pr,(0,Oj3.8H,0; 
and  the  carbonate,  Pr,(003)3.8H,0. 

The  chloride  forms  a  double  salt  with  PtOl,— PrCl3,PtC1^.12H,0. 

Potassium  sulphate  forms  a  heavy  crystalline  precipitate, 
Prj(S04)3.3K,SO^.H,0,  very  sparingly  soluble  in  water. 

Neodymium  forms  an  oxide,  Nd,03,  which  is  a  blue  powder,  and 
possibly  one  of  the  composition  Nd^O^ — probably  a  mixture.  The  salts 
«^ary  in  colour  from  lilac  blue  to  reddish  violet,  but  the  presence  of 
braces  of  Pr  salts  somewhat  affects  the  colours. 

NdCl3.6H,0  consists  of  rose-coloured  crystals,  which  may  be  ren- 
dered anhydrous  by  heating  in  a  current  of  dry  HCl  gas. 

The  other  salts  closely  resemble  those  of  praseodymium. 

By  the  electrolysis  of  the  fused  chloride  (56  amperes  at  25  volts) 
the  metal  is  obtained  in  silvery  white  form.  It  decomposes  water 
on  warming,  and  is  easily  attacked  by  acids. 

Salts  of  the  mixture  of  praseodymium  and  neodymium,  pre- 
viously known  as  didymium,  give  the  following  reactions : 

Ammonium  sulphide  and    hydroxide   precipitate   a   basic   salt, 

insoluble  in  NH^OH,  but  slightly  soluble  in  NH^Cl,  with 

displacement  of  NHj. 
KHO  or  NaHO  precipitates  a  gelatinous  hydroxide,  resembling 

Al,(HO)g,  but  of  a  pale  rose  colour ;  it  is  insoluble  in  excess, 

and  does  not  alter  in  the  air. 
Alkali  carbonates  produce  a   copious   precipitate  of  didymium 

carbonate,  insoluble  in  excess  of  the  precipitants  (distinction 

from  Oe),  but  slightly  soluble  in  a  concentrated  solution  of 

NH.Cl. 
BaCOj  precipitates  didymium  compounds    slowly  (more  slowly 

than  Oe  or  La),  and  never  completely. 

Oxalic  acid  precipitates  didymium  salts  almost  completely ; 
^monium  oxalate  completely.  The  precipitate  is  difficultly  soluble 
in  cold  HCl,  but  dissolves  on  heating. 
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A  concentrated  solution  of  K,SO^,  or,  better  still,  Na^O^,  pre- 
cipitates didymium  solutions  more  slowly  and  less  completely 
than  cerous  solutions,  as  a  rose-white  potassio-didymium  sulphate, 
slightly  soluble  in  water,  less  soluble  in  an  excess  of  the  reagent, 
difficultly  soluble  in  hot  HCl. 

SAMARIUM,  Sa.  Atomic  weight,  150-3.— The  oxide,  Bafi^,  has 
been  obtained  from  the  salt  separated  by  fractional  crystallisation 
of  the  double  magnesium  nitrates  from  nitric  acid  of  1'3  sp.  gr. 

The  chloride  has  the  formula  SaCIg.GHjO,  but  when  heated  to 
180''  in  dry  HOI  gas  SaClj  is  formed. 

The  nitrate,  Sa(N03)3.6HjO,  crystallises  in  thi(^  orange-coloured 
crystals,  which  are  very  hygroscopic.  The  sulphate  has  the  formula 
Sa,(SO,)3.8H,0. 

GADOLINIUM,  Gd.  Atomic  weight,  156.— Like  Sa,  this  can  be 
separated  by  fractional  crystallisation  of  the  double  Mg  nitrates. 
From  earths  poor  in  Sa  the  Gd  appears  in  the  last  fractions  to  crys- 
tallise. It  can  be  further  purified  by  fractional  precipitation  with 
NH.HG. 

(jadolinium  oxide,  Gd^Og,  is  a  white  powder  easily  soluble  in 
water.     It  absorbs  CO,  from  the  air. 

Gadolinium  salts  are  colourless,  give  no  absorption  spectrum, 
and  have  an  astringent  taste. 

The  chloiide,  GdOlg.GHjO,  combines  with  PtOl^,  forming  oranges- 
yellow  needles,  GdOlj.PtOVlOH^O. 

Gd(N 03)3.511,0  crystallises  out  from  strong  HNO3. 

The  sulphate,  Gd,(S0j3.8H,0,  separates  as  small  crystals,  whieVi 
form  a  double  salt  with  K^SO^  of  the  composition 

Gd,(S0,)3.K,S0,.2H,0, 

the  latter  being  somewhat  soluble  in  saturated  K^SO^  solution. 


SEPARATION  OF  METALS  OF  THE  RARE  EARTHS. 

The  separation  of  these  metals  in  anything  like  a  pure  state  is  a 
very  difficult  matter.  The  precipitates  obtained  must  be  redissolvad 
and  reprecipitated  many  times,  since  they  generally  carry  down  ffti** 
amounts  of  other  metals  which  it  is  not  desired  shall  come  doWD* 
For  complete  methods  students  should  consult  the  original  paperSt 
but  a  bare  outline  of  processes  is  given  below. 

The  silicate  must  first  be  decomposed  by  very  finely  powdering 
and  heating  for  a  long  time  with  concentrated  H^SO^,  evaporating  off 
the  acid,  and  heating  still  further.*  SiO,  is  thus  rendered  insoluble; 
the  sulphates  produced  are  dissolved  in  ice-cold  water  and  precipitated 

♦  Another  method  is  to  mix  the  finely  powdered  silicates  vith  sal 
ammoniac  and  throw  into  a  red-hot  crucible. 
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as  oxalates  by  oxalic  acid,  from  which  the  oxides  can  then  be  obtained 
by  ignition. 

Glaser  recommends  fusion  of  monazite  sand  with  KHSO^,  when 
SiO,and  tantalum  oxide  remain  insoluble;  titanium  is  thrown  down 
by  HjS,  and  then  the  hydroxides  obtained  by  precipitation. 

A  method  due  to  Fresenius  and  Hintz  for  the  separation  (tjuanti- 
tatively,  after  obtaining  in  solution  in  sulphuric  or  hydrochloric  acid) 
is  as  follows : 

Boil  the  well-diluted  solution  with  sodium  thiosulphate. 


Precipitate  is  mainly  Th(S203).2.  Solution.— ContaAUS  other  metals, 

Well  wash  and  dissolve  in  £lute  and  still  some  Th  (2). 

HCl  (1).     Filter  from  S  set  free,  and  The  traces  of  Th  may  be  removed 

ignite  this  sulphur  to  obtain  oxides  by  another  precipitation, 

it    holds,    fusing    the   residue   with  Filtrate  when  free  from  thorium  is 

KHSOi.     Dissolve     in    water,     add  precipitated  by  NH4HO,  dissolved  in 

NH4HO,  filter,   dissolve  the  precipi-  nitric  acid,  evaporated,  redissolved 

tate  in  HCl,  and  mix  with  the  first  in  water,  and  warmed  with  oxalic 

solution,  (1).  acid. 

The  two  solutions  are  largely  di-  Ce,  Y,    La,   and    didymium   are 

luted  and   again  precipitated   with  precipitated.        Heat   the   oxalates 

NagSgOg.  strongly,  and  fuse  with  KHSO4  to 

I obtain  a  solution ;  precipitate  with 

I                                   I  NH4HO,  filter,  and  dissolve  in  HCl ; 

Precipitate  is  pure         Filtrate. — Add  nearly  neutralise  with  Na^COj,  add 

Th(S.203)2        from          this  to  (2).  excess  of  acetic  acid  and  then  sodium 

which   the    oxide  hypochlorite;  boil, 

may  be   obtained  I 

l>y  ignition.  | 

Precipitate  is  Ce02.  Filtrate. — Evaporate  to  dryness,  add  very 

little  water  and  strong  solution  of  potassium 
sulphate.     Allow  to  stand  several  hours. 


Precipttote  is  La  and  didymium.       Solution  contains  Y.     Add  NH4HO,  filter 

and  wash,  dissolve  in  HNO3,  and  precipitate 
with  NH4HO  as  Y(H0)3. 

1a  and  didymium  may  be  identified  by  adding  KHO  to  their  solution  until 
^^  absorption  bands  are  given  by  the  clear  solution.  Didymium  is  precipitated 
^gether  with  some  La,  but  the  solution  can  be  obtained  free  from  didymium. 

Many  methods  rely  upon  fractional  crystallisation  more  than  on 
pi^ecipitation  for  effecting  the  separation  of  rare  earths.  Welsbach 
'Jsed  the  double  nitrates  with  ammonium  nitrate  in  separating 
praseo-  and  neo-dymium.  Urbani  and  Lacombe  use  the  double  rare 
^fth  magnesium  nitrates,  and  since  Bi  Mg  nitrate  is  isomorphous 
^th  these,  it  is  used  as  an  aid  to  crystallisation.  Samarium  is 
^OQnd  in  the  earlier  fractions  and  gadolinium  in  the  last,  and  can 
1^  separated  by  this  process,  as  can  also  gadolinium  and  euro- 
pium. 

The  doable  Mg  nitrates  may  be  expected  to  fractionate  in  the 
following  order :  La^  Ce,  Pr,  Nd,  Sa,  Gd,  Y,  Er,  although  each  early 
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fraction  will  contain  two  or  three  metals,  but  by  repetition  of  the 
crystallisation  separation  may  be  effected. 

Double  sulphates  with  either  K  or  Na  are  of  great  service, 
Ce,  La,  and  didymium  forming  double  salts  insoluble  in  K^SO^  or 
Na^SO^,  erbium,  ytterbium,  and  yttrium  yielding  soluble  sulphates. 

Normal  Na^SO,  gives  quantitative  precipitation  with  trivalent 
cerite  earths.  Th  and  Zr  in  excess  of  the  precipitant  give  basic 
sulphites,  soluble  in  excess. 

Urbani  also  recommends  crystallisation  of  the  double  ethyl 
sulphates,  formed  by  adding  barium  ethyl  sulphate  to  the  earthy 
sulphate.  The  yttrium  earths  may  be  expected  to  crystallise  in  the 
following  order :  Yttrium,  terbium,  holmium,  erbium,  ytterbium. 

Fractional  or  complete  precipitation  of  certain  metals  with 
different  reagents — many  of  them  organic,  such  as  metanitrobenzoic 
acid  for  thorium,  or  the  great  variation  in  solubility  of  the  salts 
of  wi-uitrobenzene  sulphonic  acid  ;  the  selective  decomposition  of  the 
nitrates  on  heating,  followed  by  extraction  of  the  portion  undecom- 
posed,  besides  many  other  processes,  have  been  more  or  less  success- 
fully employed. 

TITANIUM,  Ti"  and^^     Atomic  weight,  48-1.— This,  as  well  as  the 
two  next  following  metals  (usually  treated  of  in  Group  III.,  because 
they  are  precipitated  by  the  group  reagents  chloride,  sulphide,  and 
hydroxide  of  ammonia),  differ  entirely  from  the  previously  treated 
metals.     Their  anhydrides,  Ti^^O,,  Ta^O^,  and  Cb^O^,  are  analogous 
to  SiOg,  SbjO.,  &c.,  and  are  found  in  nature  either  in  the  uncombined 
state  ( TiOg),  or  combined  with  various  metallic  bases,  as  titanates, 
tantalates,  and  columbates  (niobates).     The  metal  titanium  has  » 
great  affinity  for  N,  with  which  it  combines  directly. 

Titanium  is  found  as  anhydride  (almost  pure)  in  the  minerals 
rutile,  anatase,  and  brookite ;  combined  with  bases,  chiefly  lime,  i^ 
titanite,  CaTiSiO^,  in  titaniferous  iron,  and  in  small  quantities  i^ 
many  iron  ores,  in  fire-clays,  and  generally  in  silicates  (hence  i^^ 
occurrence  in  blast-furnace  slags,  as  cyano- nitride,  TiCy^STijN,,  i*^ 
bright  copper-coloured  cubes). 

Titanium  forms  several  oxides,  of  which  two  are  known  wi^-*^ 
certainty,  and  one  whose  existence  is  probable,  viz. : 


T.O 

Ti.O, 

TiO,. 

Titanous  oxide 

Titanic  oxide 

Titanic  anhydride. 

(probable). 

(sesquioxide). 

The  last  oxide,  acting  as  a  weak  base,  and  forming  mostly  ve^^y 
unstable  salts,  and  likewise  as  an  acid,  is  the  only  one  which  is  ^^ 
sufficient  importance  to  be  studied  analytically.  , 

In  order  to  prepare  some  pure  titanic  anhydride,  finely  powder^^^ 
rutile  is  fused  with  3  parts  of  KjCOg,  the  fused  mass  powdered  siC^^ 
treated  with  cold  water,  which  removes  SiO^  and  alkali  silicat^^' 
and  leaves  insoluble  potassium  titanate,  K^TiO,,  together  with  fer*r^^ 
oxide.  This  is  washed  by  decantation  or  on  a  filter,  with  cold  wat^^' 
and  dissolved  in  cold  dilute  HOI.     On  diluting  considerably  wL^^ 
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water  and  heating  to  boiliDg,  for  some  time,  the  whole  of  the  titanium 
is  precipitated  as  metatitanic  hydroxide,  HjTiOj  (Fe  being  held  in 
solution  by  the  acid),  which  differs  from  (ortho-)  titanic  acid  in  being 
quite  insoluble  in  all  acids,  except  strong  sulphuric  acid,  whilst 
titanic  hydroxide  (obtained  by  precipitation  with  alkalies),  of  exactly 
the  same  composition,  is  readily  soluble  even  in  dilute  H^SO^  or  HCl. 
The  precipitated  metatitanic  acid  is  usually  tinged  yellow,  owing  to 
some  ferric  oxide  which  is  carried  down  with  it.  It  is  best,  therefore, 
to  filter  off,  to  wash  with  a  solution  of  ammonium  chloride,  and 
redissolve  the  precipitate  in  strong  H^SO^.  After  dilution  with 
water,  it  is  reprecipitated  once  more  by  long-continued  boiling,  and 
is  then  all  but  free  from  iron.  (Method  of  separation  from  Al,  Gl, 
Y,  and  Th.)  A  more  expeditious  method  for  separating  the  iron 
oxide  consists  in  precipitating  the  two  metals  from  the  dilute  acid 
solution  by  means  of  ammonium  sulphide,  as  FeS  and  HjTiOj,  and 
to  treat  the  precipitate  with  aqueous  sulphurous  acid,  which  dissolves 
the  FeS  and  leaves  the  pure  orthotitanic  acid. 

Another  method  consists  in  fusing  the  titanium  compound  with 
six  times  its  weight  of  KHSO^,  till  it  yields  a  clear  mass ;  dissolve 
in  a  large  quantity  of  cold  water,  acidulate  with  dilute  H^SO^,  when 
metatitanic  acid  is  precipitated  as  above.  SiO^,  if  present,  is  not 
attacked  by  KHSO^,  and  remains  in  the  insoluble  residue. 

Pure  TiO,  may  also  be  obtained  by  fusion  with  acid  potassium 
fluoride,  and  dissolving  the  fused  mass  in  dilute  HCI.  Potassium 
titanic  fluoride,  K,TiFg,  which  is  diflicultly  soluble  in  water  (1  part 
requires  96  parts  at  14°  C),  is  collected  on  a  filter  and  washed  with 
cold  water,  and  purified  by  recrystallisation  from  boiling  water. 
Its  aqueous  solution,  when  precipitated  with  ammonium  hydroxide, 
yields  titanic  hydroxide,  which  on  ignition  is  converted  with  in- 
pandeseence  into  pure  titanic  anhydride — white  when  only  feebly 
Ignited,  yellowish  or  brownish  when  intensely  ignited. 

SiOj,  or  silicates,  containing  traces  of  TiO^,  may  be  decomposed 
with  HF.  H,SO^  must  likewise  be  added  in  order  to  prevent 
a  portion  of  the  titanium  from  being  volatilised  with  the 
SiF,. 

Metallic  titanium  may  be  obtained  by  reduction  of  the  oxide 
in  the  electric  furnace  or  by  the  aluminium  powder  reaction. 
Titanium  forms  alloys  with  iron,  copper,  and  other  metals.  The 
alloys  are  in  some  cases  very  hard,  ductile,  and  of  considerable 
^^nsile  strength. 

^Py  Reactions. 

Titanium  compounds,  when  heated  on  charcoal  before  the  blow- 
pipe, are  not  reduced  to  the  metallic  state  (distinction  from  In). 
Heated  in  a  borax  bead  (on  charcoal),  or,  better  still,  in  a  bead 
^  microcosmic  salt,  pure  TiO^,,  or  a  titanite,  containing  bases  which 
^0  not  themselves  colour  the  borax  bead,  yields  in  the  outer  flame  a 
^lourless  glass,  but  in  the  inner  flame  a  glass  which  is  yellow  while 
hot,  but  assumes  a  violet  colour   on  cooling.     The  reduction  is 
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promoted  by  the  addition  of  a  little  zinc  or  tin.  If  some  FeSO^  be 
added,  the  bead  obtained  in  the  inner  flame  becomes  blood-red. 

Reactions  in  Solution. 

Use  a  solution  of  titanic  acid  in  HCl. 

Alkali  hydroxides,  sulphides,  and  carbonates,  as  well  as  BaCO,, 
produce  a  bulky  white  precipitate  of  (ortho-)  titanic  hy- 
droxide, IIjTiOj,  which  is  insoluble  in  an  excess  of  the 
precipitant s.  When  thrown  down  in  cold  solution,  and 
washed  with  cold  water,  it  is  readily  soluble  in  dilute  HCl, 
or  in  dilute  H^SG^.  Washing  with  hot  water  converts  it 
into  insoluble  metatitanic  hydroxide.  The  presence  of 
tartaric  acid  prevents  the  precipitation.  (Iron,  as  well  as 
Ni,  Co,  Zn,  and  U,  which  are  precipitated  by  amnionium 
sulphide  in  the  presence  of  tartaric  acid  and  NH^HO  (the 
metal  Mn  is  not),  may  thus  be  separated  from  TiO^.) 

K^FeCyg  produces  a  dark-brown  precipitate. 

Infusion  of  galls,  brownish  precipitate,  which  speedily  turns 
orange -red. 

HNa^jPO^  throws  down  the  titanic  acid  almost  completely  from 
an  acid  solution  as  a  white  gelatinous  phosphate,  which 
when  washed  and  dried  leaves  a  basic  salt,  probably 
HTiPO^Hp. 

Metallic  tin  or  zinc,  immersed  in  a  HCl  solution  of  TiOj,  evolves 
hydrogen,  and  reduces  the  TiO^,  to  Ti^O,,  which  gives  rise  to  a  pale 
violet  or  blue  coloration,  and  finally  throws  down  a  dark  violet  pre- 
cipitate, which  is  rapidly  oxidised  to  white  TiO^,  with  decomposition 
of  the  water,  or  when  exposed  to  the  air.  This  reaction  frequently 
reveals  the  presence  of  TiO^  in  the  analysis  of  iron  ores  during  the 
process  of  reduction  with  zinc  previous  to  the  estimation  of  the  iron 
by  potassium  permanganate. 

TANTALUM,  Ta^.  Atomic  weight,  181.— This  metal  and  colum- 
bium — or  niobium,  as  it  is  sometimes  called — occur  only  in  a  few 
minerals,  found  in  a  few  localities,  and  then  only  in  small  quantities. 
The  difficulty  of  detecting  mere  traces  of  them  may  account  for  their 
having  been  overlooked  in  others  in  which  they  have  since  been 
found — viz.,  in  tinstone  and  wolfram. 

In  some  of  the  minerals  either  tantalum  or  columbium  (niobium) 
prevails,  such  as  in  tantalite  and  in  columbite  (niobite). 

Tantalum  ai>d  columbium  (niobium)  exist  chiefly  in  the  pentad 
condition,  as  is  evidenced  by  the  composition  of  their  oxides  (anhy- 
drides), chlorides  (which  are  volatile  and  decompose  water),  fluorides, 
&c.  &c.,  viz. : 

Tantalic  anhydride,  TagOo.        Chloride,  TaClR.        Fluoride,  TaFg. 
Columbic        „  Cb.A.  »         CbClg.  „        CbFg. 

A  lower  oxide,  'Ta^^O^,  and  sulphide,  'Ta^^^S^,  are  said  to  exist.  Ir* 
tantalates  and  columbates  the  acids  closely  resemble  arsenic  or  phos- 
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phoric  acid  ;  they  can  exist  as  meta-  HTa(Cb)03,  Py^o-  H4Ta(Cb)07, 
or  ortho-  B[3Ta(Cb)04,  tantalic  (columbic)  acids. 

Tantalic  and  columbic  anhydrides  are  prepared  from  tantalites 
or  niobites  by  fusing  the  finely  powdered  mineral  with  three  parts  of 
HKSO^.     The  fused  mass  is  extracted  with  water,  whereby  the  bases 
are  principally  removed  as  sulphates.      The   residuary  Tafi^  and 
GbjOj  are  washed  and  fused  once  more  with  hydrogen  potassium 
sulphate,  &c.   The  residue,  after  having  been  well  washed,  is  dissolved 
in  HF,  and  a  boiling  solution  of  B[F,KF  gradually  added  to  it.     The 
liquid,  on  cooling  or  on  concentration,  yields  a  difficultly  soluble  potas- 
sium fluo-tantalate,  2KF,TaF5  (soluble  in  about  150-200  parts  of 
water  only),  whilst  the  mother- liquors  contain  potassium  fluo-oxy- 
columbate,  2KF,CbOF3,OH2,  which  is  soluble  in  12*4  to  13  parts  of 
water  (distinction  also  from  titanium,  which  forms  2KF,TiF^,  soluble 
in  96  parts  of  water).     These  two  salts  may  be  purified  by  recrystal- 
lisation ;  and  on  decomposing  them  by  heating  with  H^SO^  tantalic 
and  columbic  sulphates  and  potassium  sulphate  are  left ;  this  latter 
can  be  boiled  out  with  water.     When  H^SO^  is  expelled  from  the 
insoluble  tantalic  or  columbic  sulphate  by  strong  ignition,  or  by 
heating  in  an  atmosphere  of  ammonium  carbonate,  Ta^Oj  or  GbgO^ 
is  left. 

TANTALUM. — Filaments  of  this  element  have  recently  been  intro- 
duced as  a  substitute  for  carbon  in  electric  lamps.  Heated  to  a  high 
temperature,  it  does  not  combine  with  oxygen  if  the  pressure  is  less 
than  20  mm.  Advantage  is  taken  of  this  in  its  preparation,  rods  of 
the  oxide  being  electrically  heated  in  vacuo,  when  oxygen  is  evolved, 
a  rod  of  the  metal  remaining. 

Tantalum  is  remarkably  hard,  yet  at  the  same  time  ductile,  and 
its  melting-point  is  very  high — somewhere  about  2250°.  The  red-h  ot 
metal  decomposes  water. 

The  anhydride,  Ta^Og,  is  a  white  powder.  When  strongly  ignited 
it  turns  a  pale  yellow,  without  emitting  any  light,  and  becomes 
insoluble  in  HCl  or  strong  H^SO^  (distinction  from  TiO^). 

Fused  with  KHO,  it  is  rendered  soluble  in  water ;  fused  with 
NaHO,  it  forms  chiefly  sodium  metatantalate,  NaTa03,  insoluble  in 
excess  of  NaHO,  but  soluble  in  water.  When  a  solution  of  sodium 
%droxide  is  added  to  this  solution  sodium  tantalate  is  precipitated. 
Hydrated  tantalic  acid  dissolves  in  HF,  from  a  concentrated  solu- 
tion of  which  KF  precipitates  fine  needle-shaped  crystals  of  potassium 
fluo-tantalate.  By  prolonged  boiling  with  water  this  soluble  salt 
changes  to  an  insoluble  compound,  T8i.fi^(2K¥,TsiF^),,  the  formation 
of  which  affords  the  means  of  detecting  the  smallest  quantity  of 
fluo-tantalate  in  mother-liquors  containing  potassium  fluo-oxy- 
^lumbate  (niobate). 

%  Reactions. 

Microcosmic  salt  dissolves  Ta^Og  to  a  colourless  bead  in  both 
flames,  and  does  not  acquire  a  blood-red  tint  by  the  addition  of 
ferrous  sulphate  (distinction  from  TiO^). 
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Reactions  in  Solution. 

Use  a  solution  of  KTaOj  in  water. 

Tiie  tantalates  of  the  alkali  metals  are  soluble  in  water ;  all  others 
(formed  by  double  decomposition)  are  insoluble  in  water  and  decom- 
posed by  acids. 

HCl  precipitates  TajO^  at  first,  then  in  excess  redissolves  it. 

CO,  passed  through  a  solution  of  an  alkali  tantalate  precipitates 
acid,  or  anhydro- tantalate. 

NH^HO  precipitates  from  a  HCl  solution  tantalic  hydroxide,  or 
an  acid  ammonium  tantalate ;  tartaric  acid  prevents  the 
precipitation. 

Ammonium  chloride  or  sulphate  precipitates  tantalic  hydroxide, 
HTaO,. 

K^FeCyg  gives  from  acidified  solutions  a  yellowish  white  precipi- 
tate, which  turns  brown  by  the  addition  of  a  few  drops  of 
ammonium  hydroxide,  and  is  soluble  in  larger  quantities. 

KgFe,Cyi„  a  yellow  precipitate. 

Infusion  of  galls,  added  to  an  acidified  (IT,SO^  or  HCl)  solution  of 
an  alkali  tantalate,  forms  a  light  yellow  precipitate;  soluble  in  alkalies. 

Metallic  zinc  and  HCl  do  not  reduce  Ta^Oj,  and  no  blue  colora- 
tion (or  only  a  very  faint  one)  is  observed  (distinction  from  CbjOj). 

COLUMBIUM,  Cb  (niobium,  Nb).  Atomic  weight,  94.  Specific 
gravity,  7*06.  Melting-point,  1950°. — The  metal  has  been  obtained 
by  electrolysis  of  its  chloride  and  by  reduction  of  the  oxide  by  the  alu 
minium  reaction.  It  is  extremely  hard,  scratching  glass.  It  ignite 
when  heated  in  oxygen  to  400°,  burning  to  form  the  pentoxide.  I 
becomes  incandescent  when  heated  to  205°  in  chlorinet  '  It  combine 
energetically  with  some  metals,  e.pr.,  platinum,  at  a  high  temperature 

Columbic  anhydride,  Cb^O^,  is  white,  but  turns  transiently  yello^ 
when  ignited.  By  strong  ignition  in  hydrogen  it  is  converted  in* 
Cbj,0^.  Like  tantalic  anhydride,  it  combines  both  with  bases  au- 
acids.  Concentrated  sulphuric  acid  dissolves  columbic  anhydrid  * 
unless  it  has  been  too  strongly  ignited,  and  the  solution  remains  cle^ 
on  the  addition  of  much  water  (distinction  from  Ta,0^). 

Besides  yielding  salts  of  the  ordinary  type,  the  oxide,  fused  wit^ 
alkalies,  in  presence  of  sodium  fluoride  to  act  as  a  flux,  yields^ columbat  - 
(niobates),  such  as  Na,O.CbjO„  2Na20.Cb305,  and  2CaO.Cb,05. 

Dry  Reactions. 

Microcosmic  salt  dissolves  Cb^O^  readily.     In  the  outer  flame 
bead,  colourless  whilst  hot,  is  obtained  ;  in  the  inner  flame  the  be^ 
acquires  a  violet,  blue,  or  brown  colour,  according  to  the  quanti* 
of  the  acid  present,  and  a  red  colour  when  a  little  ferrous  sulpha" 
is  dissolved  in  it. 

Reactions  in  Solution. 

Use  an  aqueous  solution  of  potassium  columbate. 
The  columbates  of  the  alkalies  are  nearly  insoluble  in  water ;  ^ 
others  are  insoluble,  but  are  decomposed  by  acids. 
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Mineral  acids,  especially  sulphuric  acid,  even  at  tlie   ordinary 
temperature,  precipitate  columbic  hydroxide,  nearly  insolu- 
ble in  the  acid.     (The  precipitation  of  tantalic  hydroxide 
requires  the  aid  of  heat.) 
Oxalic  acid  does  not  affect  the  alkali  columbates. 
^<  i:    !  (NB[^),S  or  NH^OH  precipitates  from  acidified  solutions  of  Cbj^O^ 

reci:;i  I  t^®  hydroxide,  containing  ammonia,  soluble  in  hydrofluoric 

I  acid. 

iitaic.  NH^Ci  precipitates  the  acid,  but  only  slowly  and  incompletely, 

^veni*  •  more  especially  if  in  the  presence  of  alkali  carbonates. 

K^FeCyg  gives,  with  a  solution  of  an  alkali  columbate  which 
hvJ::L  has  been  acidulated  with  sulphuric  or  hydrochloric  acid,  a 

red  precipitate. 
re  prg^:i  ^e^^t^Jij*  ^  bright  yellow  precipitate, 

w  lire::  Infusion  of  galls,  an  orange-red  precipitate. 

A  piece  of  zinc  immersed  in  an  acidulated  solution  forms  a 
beautiful  blue  precipitate,  which  after  a  time  changes  to  brown. 
(Tantalates  yield  none,  or  only  a  faint  blue  colour.) 

Cb  forms  also  CbCIj,  CbOClj ;  the  former  decomposes  00^,  to  CO. 

KONS  in  excess,  and  then  pieces  of  Zn  and  strong  HCl,  gives  a 
bright  golden  red  colour,  affording  a  delicate  test  for  columbium. 

Rare  Metals  precipitated  by  the  Group  Reagents  Nllfil^ 
NHfiH,  and  {NII^^S  in  the  Farm  of  Sulphides, 

URANIUM,  TJ",  ^  and  ^,  and  pseudo-triad.  Atomic  weight,  238-5. 
"^Uranium  is  not  a  very  abundant  metal ;  it  is  found  principally  in 
pitch-blende,  which  contains  from  40  to  90  per  cent,  of  uranoso- 
Qnmic  oxide,  TJjOg ;  in  uranium  ochre,  or  sulphate ;  and  in  uranite 
rejri  ^J^nranium  mica,  which  is  a  calcium  (cupric)  uranic  phosphate.  In 
sft-  i::l  snaall  quantities  it  exists  in  several  rare  minerals,  such  as  euxenite, 
ijJrijg       yttrotantalite,  &c. 

.     This  element  has  specific  gravity  =  18-7,  is  a  little  harder  than 
'fon,  ard  about  the  colour  of  nickel. 
I  v'M        ,     ^*  is  very  difficult  to  reduce  by  C  or  H  from  its  oxide,  but  may 
06  obtained  by  electrolysis  of  the  chloride,  or  from  the  oxide  with 
^boo  in  the  electric  furnace. 

The  finely  divided  metal  ignites  in  oxygen  at  170°,  and  also 
^xnbinea  directly  with  nitrogen. 

Uraniam  salts  are  almost  always  obtained  from  pitch-blende. 
-"^o  U,Og  therein  is  associated  with  sulphur,  arsenic,  lead,  iron,  and 
^Vopal  other  metals.  The  mineral  is  finely  powdered,  freed  by 
^lutriation  op  washing  from  the  lighter  earthy  impurities,  roasted 
'^  a  short  time  to  remove  part  of  the  sulphur  and  arsenic,  then 
^jssolved  in  nitric  acid,  and  the  solution  evaporated  to  dryness. 
^e  residue  is  exhausted  with  water,  and  the  solution  filtered 
*JX>in  a  brick-red  residue  of  ferric  oxide,  ferric  arsenate,  and  lead 
*jlpbate.  On  evaporation  the  aqueous  solution  yields  crystals  of 
^■^  nitrate,  which    by  dissolving  in   ether  and   setting  aside  for 
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spontaneous  evaporation  are  obtained  pure.  When  recrystallised 
once  more  from  boiling  water  they  consist  of  pure  uranylie  nitrate, 
UO,(N03)„60H„  in  which  (VO^)",  uranyl,  acts  as  a  dyad  radical. 

Various  uranium  minerals  have  been  found  to  contain  "  radium," 
**  emanium,"  &c.,  or  radio-active  matter.  The  extraction  and  con- 
centration of  these  substances  is  an  extremely  tedious  process,  and 
quite  beyond  the  scope  of  this  book. 

Uranium  exists  as  a  dyad  and  pseudo- triad  element.  It  forms 
with  oxygen  two  salt-forming  oxides  and  several  compound  oxides : 

Uranous  Compound  oxides.  Uranous 

oxide.  Trioxide.     . ' s      chloride. 

UO,  UO3  UsOgOr  UO.or  UCI, 

UO,  -H  2UO3       UO3  +  UO, 

(dark  green)  (black) 

Uranylie  Uranous  Uranylie 

chloride.         Pentachloride.       sulphate.  sulphate. 

{UO,)C],  UCl,  XJ(SOJ,  uo,so,. 

Uranic  oxide  in  a  hydrated  state  combines  both  with  acids  to 
form  uranylie  salts,  and  with  the  oxides  of  the  more  electro-positive 
metals  to  form  acid  uranates,  of  the  general  formula  R',(U0g)j03, 
analogous  to  dichromates,  disulphates,  &c.  These  are  yellow,  in- 
soluble in  water,  but  are  decomposed  by  acids.  Disodium  diuranate 
(uranium  yellow)  is  used  as  a  pigment  in  glass  and  porcelain  manu- 
factures. 

Dry  Reactions. 

Borax  and  microcosmic  salt  give  with  uranium  compounds  in  the 
inner  flame  of  the  blowpipe  green  beads,  in  the  outer  flame  yellow 
beads,  which  acquire  a  yellowish  green  tint  on  cooling.  The  oxides 
of  uranium  are  not  reduced  by  fusion  with  NajCOj  on  charcoal. 

Reactions  in  Solution. 

(A)  URANOUS  COMPOUNDS.— Use  a  solution  of  uranous  sulphate, 
11(804)2 ;  prepared  by  dissolving  uranoso- uranic  oxide  in  hot  oil  of 
vitriol,  diluting  with  water  and  evaporating  in  vacuo, 

Uranous  salts  constitute  powerful  reducing  agents.  They  are 
green,  or  greenish  white,  and  yield  green  aqueous  solutions. 

(NHJjjS  forms  a  black  precipitate  of  uranous  sulphide,  TJS. 
Alkalies  throw  down   red-brown  gelatinous  uranous  hydroxide, 

U(HOX. 
Alkali  carbonates  precipitate  green  uranous  hydroxide,  soluble 

in  excess,  especially  in  excess  of  ammonium  carbonate. 

Uranous  salts  become  oxidised  to  uranic  salts  by  exposure  to 
air,  or  by  treatment  with  nitric  acid,  &c.  Gold  and  silver  salts  are 
speedily  reduced  by  them,  and  ferric  salts  are  reduced  to  ferrous 
salts. 


APPENDIX  I.  381 

(B)  URANIC  COMPOUNDS.— Use  a  solution  of  uraiivlic  niti-ate, 
U0,(N03),. 

XJranic  salts  are  yellow,  they  are  mostly  soluble  in  water,  and 
are  reduced  to  uranous  salts  by  SH,  and  by  alcohol,  or  ether  and  in 
sunlight. 

(NH^)jS  produces  in  cold  solutions  a  chocolate-brown  precipitate  of 
uranylic  sulphide,  containing  also  ammonium  sulphide  and 
water.  It  is  insoluble  in  yellow  ammonium  sulphide.  On 
warming  or  boiling  the  liquid  which  contains  the  uranylic 
sulphide,  (UO,)S,  suspended  in  it,  the  precipitate  splits  up 
into  sulphur  and  the  black  oxide,  UO,  which  is  insoluble  in 
excess  of  the  sulphide.  Uranylic  sulphide  dissolves  readily 
in  neutral  ammonium  carbonate.  (Method  of  separation  of 
U  from  Zn,  Mn,  and  Fe.) 
Alkali  hydroxides  produce  a  yellow  precipitate,  consisting  of 
acid  uranate  of  the  alkali  metal ;  insoluble  in  excess  of  the 
precipitant ;  not  precipitated  in  the  presence  of  tartaric 
acid. 

The  ammonium  precipitate  is  soluble  in  a  solution  of  ammonium 
carbonate,  and  ammonium  sulphide  does  not  precipitate  the 
uranium  from  this  solution. 

Alkali  carbonates  give  a  light  yellow  precipitate,  consisting  (in 
the  case  of  potassium  carbonate)  of  potass io-uranic  carbo- 
nate; readily  soluble  in  an  excess  of  the  precipitant.  By 
treating  the  liquid  with  dilute  sulphuric  acid,  as  long  as 
effervescence  takes  place,  an  acid  uranate  is  precipitated. 
(Method  of  separation  of  U  from  Al  and  Fe^^.) 

BaCOj  completely  precipitates  a  solution  of  a  uranic  salt,  even 
in  cold  solutions.  (Sepai-ation  of  U  from  Ni",  Co",  Mn",  Fe'', 
and  Zn.) 

K^FeCyg  produces  a  reddish  brown  precipitate.  (Most  delicate 
special  reaction.) 

KgFegOyij  produces  no  change. 

Metallic  zinc  does  not  precipitate  metallic  uranium  from  its 
solutions. 

THALLIUM,  Tl'  and  '".  Atomic  weight,  204-1.— -This  metal  was 
discovered  by  Crookes  in  1861.  It  occurs  in  many  kinds  of  copper 
and  iron  pyrites,  but  invariably  in  very  minute  quantities ;  also  in 
niany  kinds  of  crude  sulphur,  in  some  of  the  deposits  from  the  flues 
leading  from  the  pyrites  furnaces  to  the  lead  chambers  of  sulphuric 
acid  works,  and  in  the  deposits  in  the  chambers  themselves.  It  has, 
moreover,  been  found  in  lepidolite,  in  preparations  of  cadmium  and 
bismuth,  in  ores  of  zinc,  mercury,  and  antimony,  in  the  ashes  of 
8ome  plants,  and  in  some  saline  waters,  &c.  &c. 

The  metal  is  most  economically  extracted  from  thalliferous  flue- 
<Ju8t.  The  dust  is  stirred  up  with  boiling  water,  the  insoluble 
portion  allowed  to  settle,  and  the  clear  supernatant  liquid  syphoned 
oif.     On  the  addition   of  concentrated   hydrochloric  acid  impure 
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thallious  chloride,  TlCl,  is  precipitated.  This  impure  chloride  is 
dissolved  in  concentrated  sulphuric  acid,  evaporated  till  the  hydro- 
chloric acid,  as  well  as  the  greater  portion  of  the  sulphuric  acid,  has 
been  driven  off*,  then  dissolved  in  boiling  water,  and  a  rapid  current 
of  sulphuretted  hydrogen  passed  through  the  solution,  whereby  all 
the  metals  of  the  SHg  group  are  precipitated.  On  now  introducing 
plates  of  zinc  into  the  dilute  acid  filtrate,  spongy  metallic  thallium 
is  precipitated,  which  can  be  readily  removed  from  the  zinc,  and 
obtained  in  lumps  or  bars  by  pressure.  It  must  be  preserved  under 
water. 

It  is  softer  than  lead,  and  of  the  same  colour,  of  specific  gravity 
11 '8.  It  melts  at  290°  C.,  and  may  be  distilled  in  hydrogen.  The 
metal  and  all  its  salts  are  highly  poisonous,  and  should  not  be  touched 
with  the  fingers  or  be  allowed  to  fly  about  as  dust. 

The  salts  may  be  prepared  by  dissolving  the  metal  in  the 
respective  acids,  or  by  the  double  decomposition  of  soluble  thallium 
salts. 

Thallium  forms  two  series  of  compounds — thallious  and  thallic. 
In  the  thallious  the  metal  exists  as  a  monad,  and  in  the  thallic  as  a 
triad.     Thus  we  have  : 

Thallious  oxide         .     T1,0         Thallic  oxide         .     TV'fi^ 
Thallious  chloride    .     TiCl         Thallic  chloride    .    TrClj,  &c., 

together  with  several  intermediate  compounds. 

In  some  of  its  chemical  relations  thallium  differs  from  all  other 
metals.  It  many  respects  it  resembles  the  alkali  metals,  as,  for 
instance,  in  forming  the  readily  soluble  and  highly  alkaline  thallious 
oxide  and  carbonate ;  an  insoluble  double  platinum  salt,  Tl,PtClg ; 
an  alum  analogous  to  ordinary  potash  alum,  TlgS04.Al,(SO^)324B[jO; 
and  a  series  of  thallious  phosphates  analogous  to  the  alkaline  phos- 
phates. In  most  other  respects,  however,  it  is  more  nearly  allied  to 
the  heavy  metals,  especially  to  lead,  which  it  resembles  closely  in 
appearance,  density,  melting-point,  specific  heat,  and  electric  con- 
ductivity, also  in  forming  insoluble  chlorides  and  iodides. 

Thallium  compounds  impart  an  intense  green  colour  to  the 
blowpipe  flame.  The  spectrum  of  thallium  shows  one  very  striking 
emerald-green  line,  TlaX,  and  hence  its  name,  from  daWos,  a  gi*een 
budding  twig. 

Reactions  in  Solution. 

(A)  THALLIOUS  COMPOUNDS,— Employ  a  solution  of  thallious 
sulphate,  T1,S0„  or  nitrate,  TINO3. 

Thallious  salts  are  for  the  most  part  colourless  and  soluble  in 
water,  such  as  the  nitrate,  sulphate,  phosphate,  tartrate,  and  acetate. 
Some  are  diflicultly  soluble,  e.g.,  the  carbonate  and  chloride,  and  a 
few  are  almost  insoluble,  e.g.,  the  iodide.  They  react  neutral  to 
test-paper,  and  possess  a  slight  metallic  taste.  Thallious  oxide, 
T1,0,  is  colourless  and  fusible  ;  it  dissolves  in  water — the  solution  i» 
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colourless,  alkaline,  caustic^  and  absorbs  carbon  dioxide  fi-om  the  air. 
It  also  dissolves  in  alcohol. 

Thallious  salts  are  with  difficulty  convei-ted  into  thallic  salts; 
powerful  oxidising  agents,  such  as  nitric  acid,  are  without  effect  on 
them.  They  require  boiling  and  evaporating  with  aqua  regia  to 
convert  them  into  the  so-called  higher  stage  of  activity. 

SH,  does  not  precipitate  strongly  acidified  thallious  solutions 
unless  ASjOj  be  present,  when  a  part  of  the  thallium  is 
carried  down  with  the  ar;^enious  sulphide,  as  a  brownish 
red  precipitate.  Neutral  or  very  slightly  acidified  solutions 
are  incompletely  precipitated  by  SH^.  From  acetic  acid 
solutions  the  whole  of  the  thallium  is  thrown  down  as  black 
thallious  sulphide,  T1,S. 
(NHJjS  (group  reagent)  precipitates  the  whole  of  the  thallium  as 
thallious  sulphide,  insoluble  in  ammonium  hydroxide,  alkali 
sulphides,  or  potassium  cyanide.  Readily  soluble  in  dilute 
hydrochloric,  sulphuric,  or  nitric  acids,  but  only  slightly 
soluble  in  acetic  acid.  When  exposed  to  air  thallious  sul- 
phide is  rapidly  converted  into  thallious  sulphate.  On 
heating  it  fuses  and  volatilises. 

Alkali  hydroxides  do  not  precipitate  aqueous  solutions  of  thal- 
lious salts. 

Carbonated  alkalies  produce  a  precipitate  only  from  concentrat^ed 
solutions,  TljCOj  being  soluble  in  20  parts  of  water. 

HCl  or  a  soluble  chloride  throws  down  white  thallious  chloride, 
TlCl ;  the  precipitate  subsides  readily,  and  is  unalterable  in 
the  air.  It  is  very  slightly  soluble  in  boiling  water,  and 
still  less  so  in  hydrochloric  acid. 

KI  precipitates,  even  from  the  most  dilute  thallious  solutions, 
light  yellow  thallious  iodide,  Til,  which  is  almost  entirely 
insoluble  in  water,  but  somewhat  more  soluble  in  a  solution 
of  potassium  iodide.  This  constitutes  the  most  delicate  re- 
action for  thallious  salts. 

KjCrO^  precipitates  yellow  thallious  chromate,  Tl^CrO^,  insoluble 
in  cold  nitric  or  sulphuric  acid. 

PtCl^  precipitates  difficultly  soluble,  pale  orange-coloured  thallious 
platinic  chloride,  2TlCl,PtCl,. 

Zinc  precipitates  metallic  thallium. 

m  THALLIC    COMPOUNDS —Employ    a    solution    of    thallic 
cbloride,  TlCl,. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by 
tneir  behaviour  with  caustic  and  carbonated  alkalies,  which  pre- 
^pitate  brown  gelatinous  thallic  hydroxide,  TIOHO,  insoluble   in 


ThaHlic  oxide  is  scarcely  acted  on  by  cold  concentrated  sulphuric 
^M;  on  heating,  thallic  sulphate,  Tl2(SOj3,70H3,  is  obtained. 
"  W  a  solution  of  thallic  sulphate  is  boiled  oxygen  is  given  off, 
*^d  a  thallious  salt  left.     When  treated  with  HCl  thallic  oxide 
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yields  the  chloride  TICI3  as  a  white  crystalline  mass,  which  on  heat- 
ing splits  up  into  TlCl  and  Cl^. 

HCl  or  a  soluble  chloride  produces  no  precipitate. 

SH,  reduces  thallic  to  thallious  salts,  with  precipitation  of 
sulphur. 

Hfifi^  produces  a  white  pulverulent  precipitate  of  oxalate. 

HNajPO^  gives  a  white  gelatinous  precipitate. 

HjAsO^  or  a  soluble  arsenate  gives  a  yellow  gelatinous  preci- 
pitate. 

KaCiO^  does  not  precipitate  thallic  salts. 

KI  gives  a  precipitate  of  Til  and  T^. 

INDIUMt  In^\  and  pseudo-triad.  Atomic  weight,  115.  Specific 
gravity,  7*42.  Melting-point,  176°. — Has  hitherto  only  been  found 
as  a  rare  and  insignificant  constituent  of  some  zinc  ores  (zinc-blende 
from  Freiberg),  in  the  metallic  zinc  prepared  from  these  ores,  and  in 
tungsten. 

Indium  is  a  white,  highly  lustrous  metal  resembling  platinum, 
soft  and  ductile.  It  is  not  oxidised  in  the  air  or  in  water,  but 
heated  to  a  high  temperature  burns  with  a  blue  fiame,  forming 
In^Og.  Dilute  HCl  or  H^SO^  dissolves  it  readily,  hydrogen  being 
given  off.  Concenti-ated  sulphuric  acid  dissolves  it  with  evolution  of 
SOj.  It  is  readily  soluble  also  in  cold  dilute  nitric  acid.  The  oxide, 
'In^'j^Og,  is  brown  when  hot,  straw-coloured  when  cold,  and  is  readily 
reduced  when  heated  on  charcoal,  or  in  a  current  of  hydrogen  gas. 
A  black  dioxide,  In^^Og,  exists  likewise. 

The  principal  salts  of  indium,  viz.,  the  sulphate,  In,(SO^)3,90Hy, 
the  nitrate,  In(N03).„  and  the  chloride,  InCl,,  are  freely  soluble  in 
water.    The  chloride  is  volatile  and  hygroscopic. 

Dry  Reactions. 

Indium  and  its  compounds  impart  to  the  flame  a  peculiar  bluisb":^ 
tinge.  When  examined  with  the  aid  of  a  spectroscope  two  charac^-.  . 
teristic  blue  lines  can  be  seen,  a  bright  one  in  the  blue  X,  and  a  feeblea^  r 
one  in  the  violet  X.  They  are,  however,  very  transient.  The  sulphi(K  ,e 
gives  more  persistent  lines  than  the  chloride. 

Reactions  in  Solution. 

A  solution  of  any  of  the  above  salts  may  be  used. 

SHg  produces  no  precipitate  in  the  presence  of  a  strong  acil^Sd. 
Indium  is,  however,  precipitated  like  the  metal  zinc  frci 


slightly  acid  solutions,  or  in  the  presence  of  acetic  acid.  T  he 
slimy  precipitate  of  indium  sulphide,  In^S,,  is  of  a  fine  yellt— J«^ 
colour. 

(NH4)2S  produces  at  first  from  a  solution  containing  ammonii ^^ 

tartrate  a  white  precipitate,  said   to   consist  of  In^S,  a — Jid 
hydrogen.    It  turns  yellow  on  the  addition  of  acetic  a(P  ^^d. 
The  sulphide  is  insoluble  in  cold,  but  soluble  in  the  knot 
sulphide,  and  on  cooling  it  separates  again  of  a  white  colo^J^. 


I 
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Alkali  hydroxides  produce  a  white  bulky  precipitate  of  indium 
hydroxide,  In(H0)3,  resembling  aluminium  hydroxide,  quite 
insoluble  in  alkalies.  The  presence  of  tartaric  acid  prevents 
the  precipitation. 

Alkali  carbonates  precipitate  white  gelatinous  carbonate.  When 
recently  precipitated  it  is  soluble  in  ammonium  carbonate, 
but  not  in  the  fixed  alkali  carbonates.  On  boiling  indium 
carbonate  separates  again. 

BaCOj  precipitates  indium  salts  in  the  cold  as  basic  salts.  (Dis- 
tion  from  Zn,  Mn,  Co,  Ni,  and  Fe.) 

HNa^PO^  throws  down  a  bulky  white  precipitate. 

Alkali  oxalates  produce  a  crystalline  precipitate. 

Zinc  precipitates  the  metal  in  the  form  of  white  shining 
laminae. 

VANADIUM,  V"  and  \  Atomic  weight,  5 12;  specific  gravity  = 
5*5. — It  oxidises  in  the  air,  but  resists  most  acids  and  alkalies.  Occurs 
only  in  a  few  rare  minerals,  principally  in  vanadite,  or  lead  vanadate 
and  oxychloride,  Pb^VjClO,,,  analogous  in  composition  to  pyromor- 
pbite,  also  to  a  very  small  extent  in  many  iron  ores  (clay  and  pea 
iron  ores),  and,  as  Boscoe  discovered,  in  the  copper- bearing  beds  at 
Alderley  Edge,  and  Mottram  St.  Andrew's,  Cheshire. 

Vanadium  has  recently  been  introduced  into  certain  special 
steels,  to  which  it  is  said  to  impart  great  resistance  to  shock.  The 
metal  can  be  obtained  in  a  compact  state  by  the  reduction  of  V^O^ 
^y  aluminium  powder. 

Vanadite,  or mottramite,  (PbCu)3(VOj3,  may  be  made  the  starting- 
point  for  preparing  the  several  vanadium  compounds.     The  mineral 
^8  dissolved  in  nitric  acid,  and  the  lead  and  arsenic  precipitated  by 
SH„  which  at  the  same  time  reduces  the  vanadic  pentoxide,  Yfiy  to 
*®troxide,  Yfi^-  The  blue  filtered  solution  is  then  evaporated  to  dryness, 
*^d  the  residue  digested  in  ammonium  hydroxide,  when  the  vanadic 
^troxide  becomes  reoxidised  into  pentoxide.     The  ammonium  vana- 
date can  be  precipitated  as  a  white  powder  from  this  solution  by 
^troducing  a  lump  of  sal  ammoniac,  being  scarcely  soluble  in  a 
^^turated  solution  of  this  salt.     By  exposure  to  a  temperature  below 
^'^diiess  in  an  open  crucible  ammonia  is  expelled  and  V^O^  is  left. 

The  mineral  may  also  be  fused  with  a  mixture  of  NaHO  and 
■^^l^Og,  when  soluble  vanadates  are  produced,  and  on  saturating  the 
^lear  solution  with  NH^Cl  ammonium  raetavanadate  separates  out. 

Vanadium  forms  several  oxides,  oxychlorides,  chlorides,  sulphides, 
^^ich  show  that  the  metal  is  closely  allied  to  the  phosphorus  and 
^^^nic  group.     Thus : 

Sulphides. 


Oxides. 

Oxychlorides. 

Chlorides. 

f    •    '•          ^ 

V,0 

— 



v^o. 

— 

VCl, 

V,0,  (bkck) 

— 

VC13 

V.O,  (blue) 

— 

YCl, 

T,0 

YOCI, 

— 
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The  most  important  of  these  compounds  is  the  pentoxide,  or 
vanadic  anhydride,  analogous  in  composition  with  phosphoric,  arsenic, 
antimonic,  tantalic,  and  columbic  anhydrides.  It  combines  in  different 
proportions  with  bases,  forming,  like  the  other  anhydrides  referred 
to,  three  series  of  salts,  viz.,  ortho-,  pyro-,  and  meta- vanadates. 
Fused  with  Na.CO,,  it  yields  sodium  orthovanadate,  NajYO^ ;  but 
when  boiled  witn  a  solution  of  an  alkali  it  forms  the  metavanadate, 
the  latter  class  of  vanadates  being  more  stable  than  the  ortho  salts. 
Alkali  vanadates  are  soluble  in  water  inversely  to  the  quantity  of 
free  alkali  or  alkaline  salt  present.  Hence  they  are  precipitated 
from  their  solutions  by  excess  of  alkali,  or  by  salts  as  NH^Cl. 
(Most  characteristic  reaction.) 

Yanadic  anhydride  has  a  reddish  yellow  colour,  and  is  difficultly 
soluble  in  water  (1000  parts),  forming  a  light  yellow  solution  which 
reddens  litmus  paper.  It  dissolves  also  in  the  stronger  acids  to  red 
or  yellow  solutions,  which  become  frequently  decolorised  by  mere 
boiling.     It  unites,  however,  with  bases  more  readily  than  with  acids. 

A  sulphuric  acid  solution  of  the  acid,  when  considerably  diluted 
with  water,  and  treated  with  zinc  or  sodium  amalgam  and  warmed 
gently,  turns  first  blue,  then  green,  and  finally  from  lavender  to 
violet.  The  Yfi^  becomes  reduced  to  V^O, ;  and  on  the  addition  of 
NH^HO  a  brown  precipitate  of  the  hydroxide  of  the  dioxide  (hypo- 
vanadious  acid)  forms,  which  absorbs  oxygen  more  rapidly  than  any 
other  known  reducing  agent,  and  bleaches  organic  colouring-matter 
(indigo  solution,  <fec.)  as  quickly  as  chlorine. 

Many  organic  substances,  such  as  oxalic  or  tartaric  acid,  sugar  ^ 
alcohol,  reduce  vanadic  acid,  especially  in  the  presence  of  stroD^^ 
mineral  acids,  to  the  blue  yfi^.     The  same  takes  place  when  SO^  o^^? 
SHj  is  added  to  its  solutions  in  acid. 

Dry  Reactions. 

Borax  dissolves  Yfi^  to  a  clear  bead,  colourless,  or,  with  lar^^e 
quantities  of  the  anhydride,  yellow,  in  the  outer  flame,  beauti^  -^1 
green  in  the  inner  flame.  With  larger  quantities  of  vanadic  acicL  it 
looks  brownish  whilst  hot,  and  only  turns  green  on  cooling. 

Reactions  in  Solution. 

Use  a  solution  of  sodium  metavanadate,  NaYOj. 

Orthovanadates  are  generally  yellow  or  reddish  yellow,  botb.  ^^ 
the  liquid  and  solid  state.  By  boiling  in  water  the  orthovanada-tes 
of  the  alkalies  are  converted  into  colourless  meta  vanadates.  On  t>h0 
addition  of  an  acid  to  a  solution  of  neutral  or  orthovanadate  the  solu- 
tion becomes  yellowish  red,  owing  to  the  formation  of  anhydro  satlt^* 

Ammonium,  barium,  and  lead  metavanadates  are  but  spariagv 
soluble  in  water.  The  alkali  vanadates  are  more  soluble  in  p"^^ 
water  than  in  water  containing  free  alkali  or  a  salt ;  hence  they  »{^ 
precipitated  in  the  presence  of  the  latter.  All  are  soluble  in  nitric 
acid,  but  insoluble  in  alcohol. 

(NHJgS  (group  reagent)  produces  a  brown  coloration  intheliquJ^' 
and  on  acidulating  with  HCl,  or,  better,  with  H,SO^,  ^^ 


1 

1 
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soluble  ammonium  sulphovanadate  is  decomposed,  and 
brown  pentasulphide,  VjS^,  mixed  with  sulphur,  is  precipi- 
tated ;  the  liquid  at  the  same  time  generally  acquires  a  blue 
colour.  It  dissolves  with  red-brown  colour  in  aqueous  solu- 
tions of  alkali  carbonates,  hydroxides,  and  sulph-hydrates. 

If  an  acidified  solution  of  an  alkali  vanadate  be  shaken  up 
with  ether  containing  peroxide  of  hydrogen,  the  aqueous  fluid 
acquires  a  red-brown  colour,  like  that  of  ferric  acetate,  whilst  the 
ether  remains  colourless.     This  reaction  is  extremely  delicate. 

Tincture  of  gall-nuts,  made  by  boiling  a  few  gall-nuts  in  water 
and  filtering  the  solution,  gives  with  traces  of  a  vanadate,  such  as 
the  ammonium  or  sodium  salt,  an  intense  violet-black  coloration. 
This  strongly  coloured  liquid  can  be  used  as  an  ink,  but  is  speedily 
spoiled  by  steel  pens. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  salts 
give  rise  to  red-coloured  solutions.  They  are,  however,  differently 
affected  by  reducing  agents. 

Many  of  the  elements  which  are  so  difficult  to  reduce  to  a 
metallic  state,  such  as  uranium^  vanadium,  tungsten,  titanium,  and 
some  of  the  cerium  metals,  reduce  and  melt  in  the  electric  furnace. 
They  take  up  carbon,  in  varying  amounts,  however,  and  in  some 
cases  form  definite  carbides  after  the  manner  of  calcium. 

In  some  cases  also  these  metals  can  be  reduced  by  heating  their 
oxides  with  finely  powdered  aluminium. 


Redrwtion  of  Titanic^  Vanadic,  Tungstic^  and  Molyhdic  Acids  by 
Nascent  Hydrogen — Colours  produced, 

^inc  with  ECl  or  H^SO^y  acids  so  dilute  that  evolution  of  H  just 

appreciable. 

TiO^ — Very  pale  blue  or  lilac  coloration. 

Alkali  titanates — Pale  violet,  rapidly  becoming  dark  blue. 

M0O3 — I^rown,  soon  becoming  green. 

Molybdates — Keddish    brown   coloration,   then  greyish   brown 

precipitate. 

"WO  '\ 

rp     3  yPale  blue,  gradually  darkening. 

Vanadic  acid — Requires  more  acid  to  be  present  for  reduction — 

green  colours. 
Tanadates  (over  1  per  cent.) — Yiolet,  pale  blue,  greyish  blue 

colours. 


REACTIONS  OF  THE  RARE  METALS  OF  GROUP  II. 

Group  II.  comJ)rises  the  rare  metals  precipitated  as  sulphides  by 
^5,  from  a  hydrochloric  acid  solution,  viz.  : 

(A)  As  mdphides,  insoluble  in  yeUow  ammonium  sulphide :  Pal- 
^'^^um,  rhodium,  osmium,  ruthenium. 
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These  four  metals  are  generally  found  ssaociat<ed  in  platinum 
ores,   together    with   iridium,   and    hence    are   frequently   termed 
platinum  metals.     Platinum  gives  a  sulphide  insoluble  in  (NHJ^,^^ 
and  its  reactions  are  given  in  detail  on  p.  220.     Iridium  sulphidei^ 
differ  from  the  others  in  being  soluble  in  (NHJ^^S  (see  p  395). 

The  atomic  weights  and  specific  gravities  of  the  six  platinuncrr: 
metals  are : 


Ru. 

Rh. 

Pd. 

Os.       Ir.         Pt. 

Atomic  weight 

.     85-5 

103-0 

106-5 

191       193       194-8 

Specific  gravity    . 

.     12-26 

12-1 

11-9 

22-4      22-4     21-5 

It  will  be  noted  that  three  of  these  metals  have  only  about  ha^  3/ 
the  density  of  the  remaining  three. 

PALLADIUM,    Pd"  and  i^.     Atomic  weight,  106 -5.— Occurs  native 
in  platinum  ores,  principally,  however,  alloyed  with  gold  and  silver, 
in  a  gold  ore  found  in  Brazil.     The  gold  dust  is  fused  together  with 
silver,  and  the  granular  alloy  heated  with  nitric  acid,  in  whicli 
silver  and   palladium  only  dissolve.     On  the   addition  of  sodium 
chloride,  silver  is  removed  as  chloride,  and  the  palladium  may  then 
be  precipitated  as  palladious  cyanide  by  means  of  mercuric  cyaoide, 
and  the  PdCy^  decomposed  by  ignition. 

The  metal  resembles  platinum,  but  is  somewhat  darker  in  colour. 
Its  specific  gravity  is  11*9.  Of  all  the  so-called  platinum  metals  it 
fuses  most  readily  (1587°).  Palladium  is  sparingly  soluble  in  pure 
nitric  acid,  but  dissolves  more  readily  in  the  red  acid.  It  dissolves 
slightly  in  boiling  concentrated  sulphuric  acid,  and  is  readily  attacked 
by  fusing  with  hydrogen  potassium  sulphate.  The  best  solvent  for 
it,  as  for  most  other  platinum  metals,  is  aqua  regia.  The  metal 
oxidises  when  heated  in  air,  the  surface  becoming  coloured  from 
films  of  oxide.  It  absorbs  hydrogen  to  a  large  extent,  and  if  heated 
over  a  spirit  lamp  or  gas  flame  will  even  decompose  the  hydrocarbon 
vapours,  carbon  being  deposited  on  the  metal.  Palladium  forms 
two  distinct  sets  of  oxides  and  chlorides,  in  which  the  metal  exists 
either  as  a  dyad  or  tetrad,  thus : 

Palladious  oxide   .         .     PdO         Chlorides         .     PdCl, 
Palladic    '     „        .         .     PdO,  „  .     PdCl, 


PALLADIOUS  SALTS. 

The  oxide,  PdO,  is  obtained  on  gently  igniting  palladious  nitrate. 
It  is  black,  and  its  hydroxide  dark  brown.     Both  part  with  their 
oxygen  upon  ignition,  leaving  spongy  palladium.     The  nitrate  may      i 
be  prepared  from  the  metal  by  dissolving  in  nitric  add  and  con-     I 
centration  over  a  water-bath.     It  forms  then  a*  brownish  red  non- 
cry  stallisable  mass. 

Palladious  salts  are  mostly  soluble  in  water ;  they  are  brown  or 
reddish  brown  ;  their  dilute  solutions  are  yellow. 
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Reactions  in  Solution. 

A  solution  of  palladious  nitrate,  Pd(N03)„  is  most  easily  obtained 
for  these  reactions. 

H,0  precipitates  a  brown  basic  salt  from  solutions  containing 

slight  excess  of  acid  only. 
SH„  or  (NB[^)jS,  throws  down  from  acid  or  neutral  solutions 

black  palladious  sulphide,  PdS,  insoluble  in  alkali  sulphide, 

but  soluble  in  boiling  hydrochloric  acid,  and  readily  soluble 

in  aqua  regia. 
KHO,  or  NaHO,  precipitates  a  yellowish  brown  basic  salt,  soluble 

in  excess. 
Soluble    carbonates    precipitate    brown    palladious    hydroxide, 

Pd(HO)j,  soluble  in  excess,  reprecipitated  on  boiling. 
NH^HO  or  carbonate  produce  no  precipitate  from  the  nitrate, 

but  decolorise   the   dark  brown   solution,   forming   double 

palladammonium  salts.*     A  somewhat  transient  blue  colour 

is  formed  by  ammonium  hydroxide  alone. 
HI  or  soluble  iodides  give,  even   in   very   dilute  solutions,  a 

black  precipitate  of  palladious  iodide,  Pdl^,  somewhat  soluble 

in  excess  of  KI.     (Most  characteristic  reaction  for  Pd.)     It 

serves  for  the  detection  of  iodine  in  the  presence  of  chlorine 

and  bromine. 
HgCy,  gives  a  yellowish  white  gelatinous  precipitate  of  PdCy^, 

readily    soluble    in    KCy   and    in  ammonium   hydroxide. 

Slightly   soluble   in  HCl.      It  leaves   on   ignition   spongy 

metallic  palladium.  (Characteristic  reaction.) 
NH^Cl  does  not  readily  precipitate  palladium  salts. 
KOI  precipitates  a   brownish   red   octahedral   double  chloride, 

2KCl,PdClj,  insoluble  in  absolute  alcohol ;  soluble  in  water 

to  a  dark  red  fluid. 
NH^SCN  gives  no  precipitate  even  after  the  addition  of   SOg. 

(Distinction  from  Cu.) 
SnClj  produces  a  brownish  black  precipitate,  soluble  in  HCl  to 

an  intense  green  solution. 

An  iodine  solution  stains  palladium  black,  but  has  no  effect  on 
W^tinum. 

Palladious  salts  are  reduced  to  the  metallic  state  by  phosphorus, 

■j^  *  Palladiam  shows  a  very  strong  tendency  to  form  compounds  containing 
f^Hg  or  (NHg)  (?).  A  great  number  of  these  are  known.  It  is  a  point  of 
f^^emblance  of  this  metal  to  copper  and  cobalt  and  nickel.  Undoubtedly 
J**^y  are  amines — that  is,  derivatives  of  ammonia  in  which  one  or  more 
?^^rogen  atoms  from  one  or  more  molecules  of  NHg  have  been  replaced  by 
X^e  metal.  Some  of  the  hydrogen  atoms  in  NH3  seem  to  be  decidedly  labile. 
f  ^e  solution  in  ammonium  hydroxide  (above)  is  faintly  blue,  like  copper,  but 
^^es  rapidly,  a  palladammonium  hydroxide,  PdNaHgtOHig,  being  formed. 
""^^^is  forms  a  series  of  salts  with  acids,  as  PdN2H62HCl=     NH2HCI 

Pd 

\ 

NHnHCl 
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sulphurous,  nitrous  and  formic  acids,  metallic  zinc  or  iron,  alcohol, 
and  other  organic  compounds. 

Palladious  chloride,  obtained  by  dissolving  PdS  in  boiling  IICl,  is 
precipitated  by  NH^HO  as  flesh-coloured  palladammonium  chloride, 
Pd(NH3)3,Cl„  soluble  in  excess  to  a  colourless  fluid,  from  which 
IICl  reprecipitates  it  as  a  yellow  crystalline  chloride,  identical  in 
composition. 

All  palladium  compounds  are  decomposed  when  ignited. 

PALLADIC   SALTS. 

PdCl^  is  known  only  in  solution.  It  is  obtained  when  the  metal 
is  dissolved  in  aqua  regia  or  when  the  oxide,  PdO^,,  is  dissolved  in 
strong  HCl.  PdC1^2NII^Cl  is  formed  as  a  bright  red  almost  insoluble 
crystalline  powder  when  NH^Gl  is  added  to  the  PdCl^  solution  and 
boiled,  or  when  a  palladious  salt,  as  PdN^Og,  is  boiled  with  HCl  and 
NH.Cl  added. 

KHO  added  to  the  PdCl^  solution  or  the  PdCl,2KCl  solution 
and  boiled  gives  a  black  precipitate  of  PdO,.  In  cold  solutions 
a  brown  hydroxide  is  formed.  They  both  dissolve  very  slowly  in 
HCl,  sometimes  giving  off*  free  chlorine. 

The  double  chloride  above  mentioned  is  probably 


a  a 

a 

and  a  number  of  amines  are  no  doubt  similarly  constituted. 


^'j 


'J 


Pd 

Palladic  sulphide  also  forms  double  salts  with  alkali  and  c^^-^er 
sulphides. 

Hydrazine  (N^HJ  salts  reduce  Pd  from  acid  solutions. 

Potassium  nitrite  and  excess  of  an  alkali  hydroxide,  at  a  lom 
temperature,  form  a  crystalline  precipitate  of  palladium  potassium 
nitrite. 

RHODIUM,   Rh'',  i^,  and  ^'\  also  a  pseudo-triad.     Atomic  weight, 
lOS'O. — Found  in  small  quantity  in  platinum  ores,  and  frequently  to 
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a  considerable  extent  in  platinum  residues — that  is,  the  insoluble 
poi*tion  after  treating  the  platinum  mineral  with  aqua  regia,  in 
which  it  is  insoluble. 

It  is  a  whitish  grey  metal,  less  ductile  than  platinum,  and  scarcely 
softened  even   in  the  flame  of  the  oxyhjdrogen   blowpipe.     The 
specific  gravity  of  unfused  rhodium  is  10*64,  that  of  the  pure  metal, 
after  fusion,  12'1.     An  alloy  of  this  metal  with  platinum  is  employed 
in  electric-resistance  pyrometers   for  high,  furnace,  temperatures. 
Rhodium  is  unalterable  in  the  air  at  ordinary  temperatures,  but 
oxidises  at  a  red  heat.     It  also  combines  with  chlorine  at  a  red 
heat:     When  pure  and   in   a  compact  state  it  resists  the  action 
of  the   strongest  acids,  even   of    aqua  regia;   but   when    alloyed 
with  other  metals,  as  with  Pb,   Bi,  Cu,  and  Pt,  it  is  soluble  in 
aqua  regia;  when,   however,   alloyed  with  Au  or  Ag  it  does  not 
dissolve.     It  is  oxidised  by  fusion  with  dry  potassium  hydroxide  and 
nitre.     Fusion  with  hydrogen  potassium  sulphate  converts  it  into 
soluble  potassium  rhodic  sulphate,  KgRh,(SOJg.     Mixed  with  sodium 
chloride  and  ignited  in  a  current  of  chlorine,  a  double  chloride  of  . 
sodium  and  rhodium,  3NaCl,Rh'"Cl3  +  H^O,  is  formed,  which  is  like- 
wise easily  soluble  in  water,  forming  a  rosy  red  solution.     Hydrogen 
is  absorbed  by  rhodium  powder  even  to  a  greater  extent  than  by 
palladium.     This  form  of  the  metal  also  decomposes  the  vapour  of 
several  carbon  compounds,  as  ethylene,  acetylene,  &c. 

Rhodium  forms  several  oxides,  chlorides,  sulphides,  &c.,  in  which 
the  metal  exists  as  a  dyad,  tetrad  (pseudo-triad),  or  hexad  element, 
thus: 

Oxides. 

Rhodious  oxide RhO 

Rhodic         „ Rh,Oj 

„      dioxide RhO, 

Rhodic  trioxide  (anhydride,  acting  as  a  weak  acid) .  RhOg 

„      tetrahydroxide   ......  Rh(OH)^ 

Chlorides.  Sulphides. 

Rhodious  chloride     .     RhCljj         Rhodious  sulphide  .  RhS 

or  Rh,Cl, 

,  ^  Rhodium  salts  are  obtained  with  diflSculty,  owing  to  the  insolu- 
*^^^lity  of  the  metal  and  its  oxide  in  acids.  Their  solutions  are  rose- 
floured. 

Reactions  in  Solution. 

Employ  a  solution  of  potassio  rhodic  sulphate,  or  of  the  double 
chloride  of  sodium  and  rhodium. 

Soluble  sulphides  precipitate  from  a  hot  solution  brown  rhodic 
sulphide,  Rh,Sg,  insoluble  in  ammonium  sulphide,  but  soluble 
in  boiling  nitric  acid. 


Rhodic  chloride        .     RhCl,         Rhodic  „  .  Rh.Sg 
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KHO,  or  NaHO,  gives  with  the  chloride  a  yellowish  brown  pre- 
cipitate of  rhodic  hydroxide,  Rh,(HO)g,  soluble  in  excess ;  in 
other  rhodic  salts  this  precipitate  appears  only  on  boiling. 
If  the  gases  produced  by  the  action  of  HCl  on  KC^lOj  be 
passed  into  the  alkali  solution  of  Rhj(0B[)3,  a  blue  colour  is 
finally  produced,  owing  to  the  formation  of  sodium  per- 
rhodate,  NajRhO^.  SO,  reduces  and  decolorises  this  com- 
pound. 

From  a  solution  of  rhodic  chloride,  KHO,  producing  at  first 
no  precipitate,  gives  on  the  addition  of  alcohol  a  brown 
precipitate  of  rhodic  hydroxide. 

NH^OH  gives  also  a  yellow  flocculent  precipitate,  only  formed, 
however,  after  some  time,  soluble  in  HCl,  forming  a  rhoda- 
mine  salt. 

KI  produces  a  slight  yellow  precipitate. 

Metallic  zinc  precipitates  black  metallic  rhodium. 

KNO,  (potassium  nitrite)  gives  with  the  chloride  an  orange-yellow 
precipitate,  which  is  slightly  soluble  in  water,  and  only  very 
slowly  decomposed  by  strong  HCl ;  characteristic. 

Rhodium  is  distinguished  from  the  other  platinum  metals  by  its 
insolubility  in  aqua  regia,  its  solubility  in  fusing  KHSO4,  and  the 
behaviour  of  its  chloride  with  KHO  and  alcohol. 

Rhodium  exhibits  even  a  greater  power  than  palladium  to  form 
amines  or  rhodium  bases.  A  great  number  of  these  have  been  made, 
but  there  is  still  no  certainty  as  to  their  constitution.  Some  are 
colourless,  others  rosy -red,  and  others,  again,  of  a  more  or  less  marked 
purple  colour. 

The  following  are  cited  as  types  only  of  some  of  these  : 

Roseo-rhodium  chloride  =  Rh,10NH3Clg(H,O)2. 
Luteo        „  „  Rh,12NH,Clg. 

Purpureo  „  „  Cl,(Rh,10NH3)Cl,. 

The  constitution  of  the  last  class  may  possibly  be  expressed  by  i 


a 
'A 


OSMIUM,  Os",  i^  ^S  and  ^^",  also  a  pseudo-triad.  Atomic  weight, 
191. — Found  chiefly  as  a  natural  alloy  of  osmium  iridium  in  plati- 
num ores,  which  remains  behind  undissolved,  when  the  ores  aro 
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treated  with  aqua  regia,  in  the  form  of  white,  metallic-looking,  hard 
grains.  This  alloy  is  attacked  by  mixing  it  with  common  salt,  or 
potassium  chloride,  and  exposing  it  in  a  glass  or  porcelain  tube  to  a 
current  of  moist  chlorine  gas.  Osmic  acid  is  formed,  which  volati- 
lises below  212°  C,  and  can  be  condensed  and  fixed  by  passing  the 
fumes  into  a  solution  of  an  alkali.  (Iridium  remains  behind  in  the 
tube  as  a  double  chloride,  2KCl,IrCl^.  This  salt  is  obtained  in 
reddish  black  regular  octahedra  by  recrystallisation  from  water.)  The 
alkali  solution  is  evaporated  with  excess  of  sal  ammoniac,  and  leaves 
on  ignition  of  the  dry  residue,  and  extraction  with  water,  metallic 
osmium,  as  a  black  or  gi'ey  powder,  and  with  metallic  lustre.  The 
densest  metal  has  a  specific  gravity  of  21-4.  Intense  white  heat 
volatilises  the  metal,  but  does  not  melt  it,  the  melting-point  being 
about  2500°.  The  metal  is  employed  in  the  filament  form  in 
electric  glow  lamps  in  the  same  manner  as  carbon.  In  contact 
with  air  it  burns  the  more  readily  the  finer  the  metal  is  divided, 
and  is  converted  into  osmic  anhydride,  Os^"^0^.  Red  fuming  nitric 
acid,  or  aqua  regia,  dissolves  osmium  likewise,  and  oxidises  it  to 
OsO^.  Very  intensely  ignited,  osmium  is  rendered  insoluble  in  acids, 
and  has  to  be  fused  with  nitre  and  then  distilled  with  nitric  acid, 
when  OsO^  distils  over. 

Osmium  combines  with  oxygen,  or  chlorine,  &c.,  in  several  pro- 
portions, thus : 

Osraious  oxide        .  OsO  Osmious  chloride    •  .   OsCIg 

Osmic         „  .  OsyOg  — 

Osmiam  dioxide      .  OsOg  Osmic  tetrachloride  .    OSCI4 

Osmium  tetroxide  .  OSO4  — 

The  two  highest  oxides  combine  with  bases,  and  form  osmites  and 
unstable  osmates.  OsO^  is  remarkable  for  its  peculiar,  exceedingly 
irritating,  and  offensive  odour,  resembling  that  of  CI  and  I.  It 
attacks  the  eyes  and  the  air  passages,  and  is  excessively  poisonous. 
It  is  soluble  in  water,  the  solution  being  neutral,  and  is  precipitated 
from  its  solutions  by  all  metals,  even  by  mercury  and  silver,  as  a 
black  metallic  powder.  On  heating  a  mixture  of  finely  divided 
osmium,  or  of  the  sulphide,  with  potassium  chloride  in  a  stream  of 
chlorine  gas,  a  double  chloride,  OsjClg6KCl,30Hj,  is  obtained,  which 
crystallises  from  water  in  dark  red-brown  regular  octahedm.  The 
salt  is  insoluble  in  alcohol. 

The  solution  of  this  double  chloride  is  more  stable  than  that  of 
the  osmium  chlorides,  and  may  conveniently  be  employed  for  study- 
^g  the  reactions. 

All  compounds  of  osmium  yield  the  metal  when  ignited  in  a 
current  of  hydrogen. 

leactions  in  Solution. 

SH,  or  sulphides  give  a  brownish  black  sulphide,  OsS,  which 
only  separates  when  a  strong  acid  is  present.  The  precipi- 
tate is  insoluble  in  ammonium  sulphide. 
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Alkalies,  or  their  carbonates,  produce  a  brownish  red  precipitate  of 
hydrated  osmic  dioxide,  Os(HO)^. 

On  fusing  the  double  chloride  with  Na^CO,,  dark  grey  OsO,  is 
obtained. 

Heated  with  tannic  acid,  or  alcohol,  with  addition  of  HCl,  the 
double  chloride  is  reduced  to  the  blue  osmious  chloride,  OsCl^ 

A  solution  which  contains  osmic  acid  (and  osmate)  is  remarkable 
for  its  great  oxidising  power.  It  decolorises  indigo  solution,  separates 
iodine  from  KI,  converts  alcohol  into  aldehyde  and  acetic  acid.  Sodium 
sulphite  yields  a  deep  violet  coloration,  and  dark  blue  osmious  sulphite, 
OsSOj,  gradually  separates.  Ferrous  sulphate  produces  a  black  pre- 
cipitate of  OtiO,.  Stannous  chloride  produces  a  brown  precipitate, 
soluble  in  IICl  to  a  brown  fluid. 

This  metal  also  forms  amine  bases,  but  not  quite  so  markedly  as 
is  the  case  with  either  Pd  or  Rh.  One  has  been  described  by  Gibbs 
and  Genth  as  OsOjjCl,N^H,,.     The  formula  given  by  Claus  is 

OsCl,4NH3  +  2H,0, 
probably 

I  ^     I  ' 

l\ 

o    o 


RUTHENIUM,  Ru'',  ^^  ^,  and  ^,  also  a  pseudo-triad.  AtocMznic 
weight,  101-7. — Found  in  small  quantity  only,  in  that  portion  of  •nihe 
platinum  ores  which  remains  behind  after  treating  with  aqua  regia.  It 
is  a  greyish  white  metal,  closely  resembling  iridium,and  verydifficuM^^fy 
fusible,  requiring  a  temperature  of  over  1800®.  When  heated  in  ^•lie 
air  it  becomes  covered  with  bluish  black  ruthenic  oxide,  Ru^O,, 
insoluble  in  acids.  When  pure  it  is  insoluble  in  acids,  being  scartJ^elj 
acted  upon  by  aqua  regia ;  fusion  with  hydrogen  potassium  sulpfc*  ^^ 
is  even  without  action  upon  it. 

It  is  attacked  either  by  fusion  with  KHO  and  nitre,  or  potassi  «ffl 
chlorate,  and  is  converted  thereby  into  potassium  ruthenate,  B^It"«^<; 
a  dark  green  mass,  soluble  in  water  to  an  orange«coloured  fluid,  wliicii 
tinges  the  skin  black,  from  separation  of  black  ruthenic  oxide.  A-ci(fe 
(HNO3)  throw  down  the  black,  hydroxide. 

Or  it  may  be  rendered  soluble  by  ignition  with  potassium  chloride 
in  a  current  of  chlorine  gas,  being  thus  converted  into  potasaam 
ruthenic  chloride,  2KCl,Ru**Cl,. 

Ruthenium  forms  several  oxides,  chlorides,  Ac,  thus  : 
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Ruthenious  oxide .        .     RuO  Ruthenious  chloride .        .    RaCIg 

Ruthenic        ,,      .        .    RuaOg         Ruthenic  chloride     .        .    RuaClg 
Rathenic  dioxide  .         .    RuOa  Ruthenic  tetrachloride      .    RUCI4 

Rathenio  trioxide         .     RuOg  (known  only  in  combination) 

(anhydride) 
Ruthenic  tetroxide       .     RUO4 

(perruthenic  anhydride) 
RU2O7  (known  only  in  combination) 

Reactions  in  Solution. 

A  solution  of  ruthenic  chloride,  RujjClg,  prepared  by  dissolving 
in  HCl  the  ruthenic  hydroxide,  precipitated  by  nitric  acid  from  a 
solution  of  potassium  ruthenate,  may  be  used.  It  forms  an  orange- 
yellow-coloured  solution,  which  on  heating  is  resolved  into  HCl  and 
Ahydrated  oxide. 

SH,  produces  at  first  no  precipitate,  but  after  some  time  the  fluid 
acquires  an  aziwe-blue  tint,  and  deposits  brown  ruthenic 
sulphide,  Ru^Sj.  This  reaction  is  very  delicate  and  charac- 
teristic. 

(NHJgS  produces  a  brownish  black  precipitate,  difficultly  soluble 
in  excess. 

KHO  precipitates  black  ruthenic  hydroxide,  Ru2(B[0)g,  insoluble 
in  alkalies,  but  soluble  in  acids. 

KCyS  produces,  in  the  absence  of  other  platinum  metals,  after 
some  time  a  red  coloration,  which  gradually  changes  to 
purple-red,  and,  upon  heating,  to  a  fine  violet  tint  (veiy 
characteristic). 

Alkali  chlorides  produce  in  concentrated  solutions  crystalline 
glossy  violet  precipitates  of  the  double  chlorides,  difficultly 
soluble  in  water,  insoluble  in  alcohol.  They  are  decomposed 
on  boiling  with  water,  with  separation  of  black  ruthenious 
oxychloride. 

KNO,  forms  a  double  salt,  3KN02,Eu(NOjj)3,  readily  soluble  in  an 
excess  of  the  alkali  nitrite.  On  the  addition  of  a  few  drops 
of  colourless  NH^HS  the  solution  assumes  a  splendid  dark 
red  colour,  changing  to  brown,  without  precipitation  of 
sulphide. 

Metallic  zinc  produces  at  first  a  fine  azure-blue  coloration  (owing 
to  the  reduction  of  Ru^jClg  to  RuClj,),  which  subsequently 
disappears,  ruthenium  being  deposited  in  the  metallic  state. 

(B)  As  8vlphide»,  soluble  in  yellow  ammonium  sulphide :  Iridium, 
Xnolybdenum,  tellimum,  selenium,  and  germanium. 

Iridium,  Ir",  ^^,  and  ^,  also  as  a  pseudo-triad.  Atomic  weight, 
1930.   Specific  gravity :  if  melted,  about  22  ;  if  precipitated,  15  to  IG. 

, Found  in  platinum  ores  alloyed  with  platinum,  chiefly,  however,  in 

fX)mbination  with  osmium,  and  left  behind  as  a  native  alloy  in  the 
form  of  very  hard,  metallic-looking  grains  when  the  ore  is  treated 
with  aqua  regia.  On  account  of  its  hardness,  and  consequent 
re  sistance  to  wear,  it  is  used  for  protecting  the  points  of  gold  pens. 
"  Platinum  "  vessels  employed  in  the  refining  and  concentration  of 
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H,SO^  are  made  of  an  alloy  of  platinum  with  iridium.  Alloys  of  this 
motal  with  platinum  can  also  be  employed  as  "  resistance "  pyro- 
meters. 

In  this  condition,  or  when  reduced  at  a  red  heat  by  hydrogen, 
from  any  of  its  compounds,  it  is  insoluble  in  every  acid.  Fusion  with 
acid  potassium  sulphate  oxidises,  but  does  not  dissolve  it  (distinction 
from  Rh).  When  fused  with  NaHO  in  a  silver  crucible  with  access  of 
air,  or  with  sodium  nitrate,  it  is  likewise  oxidised,  but  the  compound 
of  Ir^O,  and  sodium  is  only  slightly  soluble  in  water.  By  the  action 
of  aqua  regia  the  latter  is  dissolved  to  a  deep  black  liquid,  containing 
the  double  chloride  of  iridium  and  sodium,  2NaCl,Ir01^.  The  same 
compound  is  also  obtained  when  a  mixture  of  the  iridium  powder  and 
dry  sodium  chloride  is  heated  in  a  glass  or  porcelain  tube  in  a  cur- 
rent of  chlorine  gas,  and  the  residue  dissolved  out  with  water. 

Iridium  forms  numerous  compounds  with  oxygen,  chlorine,  iodine, 
sulphur,  &c.,  in  which  the  metal  exists  as  a  dyad,  pseudo-triad,  tetrad, 
or  hexad,  as  will  be  seen  from  the  following  list : 

Oxides. 

Iridious  oxide    ......  IrO. 

Iridic         „ Ir^Oj. 

Iridic  dioxide  (most  stable)  .         .         .  IrO^. 

„     hydroxide  (bulky,  indigo-coloured)     .  Ir(H0)4. 
„      anhydride  (not    known  in  the  free 

state) IrOj. 

Chlorides.  Iodides.  Sulphides. 

IrCl^.  Iralg.  IrS,  greyish  black. 

Irl^.  IfjSg,  brownish  black. 

IrS,. 

All  iridium  chlorides  are  capable  of  forming  crystalline  double 
chlorides  with  the  chlorides  of  the  alkali  metals. 

Reactions  in  Solution. 

A  solution  of  the  double  chloride  of  sodium  and  iridium, 
2(NaCl),IrCl^,  may  conveniently  be  employed. 

SHg  first  decolorises  the  iridium  solution,  with  separation  of 
sulphur  and  reduction  of  the  IrCl^  to  Ir^Clg,  and  finally 
precipitates  brown  iridic  sulphide,  IrgSj. 

(NHjjS  produces  the  same  precipitate,  readily  soluble  in  excess. 

KHO  or  NaHO,  added  in  excess,  colours  the  solution  greenish, 
and  precipitates  a  little  brownish  black  potassium  double 
chloride.  On  heating  the  liquid  with  exposure  to  the  air 
it  acquires  at  first  a  reddish  tint,  which  changes  afterwards 
to  azure-blue  (distinction  from  Pt),  and  when  evaporated 
to  dryness  and  taken  up  with  water  a  colourless  solution 
is  obtained,  and  a  blue  deposit  of  iridic  dioxide  is  left 
undissolved. 

KCl  precipitates  dark  brown  potassium  iridic  chloride,  2KCl,IrCl4, 
insoluble  in  a  concentrated  solution  of  potassium  chloride. 
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NH^Cl  throws  down  from  concentrated  solutions  a  dark  red 
powder,  consisting  of  small  octahedral  crystals  of  the  ammo- 
nium double  chloride,  2NH^Cl,IrCl^,  insoluble  in  a  concen- 
trated solution  of  the  precipitant. 

Beducing  agents,  such  as  potassium  nitrite,  oxalic  acid,  ferrous 
sulphate,  stannous  chloride,  mercurous  nitrate,  reduce  this 
double  salt  (as  well  as  the  potassium  double  chloride),  espe- 
cially when  in  hot  solutions,  to  the  sesqui  salt,  e,g, : 

2(2KCl,TrCl,)  +  4KN0,  =  GKCljIr^Cl,  +  2KNO3  +  ^,03. 

The  double  chloride  crystallises  out  on  cooling. 

When  Ir(HO)^  is  suspended  in  a  solution  of  potassium  nitrite, 
a,nd  the  solution  saturated  with  sulphurous  acid  and  boiled,  with 
renewal  of  the  water,  as  long  as  SOj  is  given  off,  the  whole  of  the 
iridium  is  converted  into  an  insoluble  brownish  green  iridic  sulphite, 
Ir(S03)„4OH3  (separation  from  Pt). 

Metallic  zinc  precipitates  black  metallic  iridium. 

Iridium  salts  are  reduced  by  alcohol  in  alkaline  solutions  to 
iridious  compounds.     Iridious  compounds  are  soluble  in  HCl. 

Iridium  bases  can  be  formed  in  a  similar  manner  to  those  of 
other  metals  of  this  class. 

IrN,H.Cl,. 
IrN,H„SO„ 

Ir,(NH3),„(S0J„ 

Tw^i  A'NTTT     rij^  t^iis  *^®  chlorine  cannot 
irOJ,4JM±i3  I     ^^  detected  by  AgNOg, 

are  types  of  some  of  these  amides. 

Some  of  the  type  Ir2(NH3)g  are  known. 


Molybdenum,  Mo",  ^\  "^  and  ^^^  also  a  pseudo-triad.  Atomic 
height,  96*0.  Specific  gravity  — 9*01. — Occurs  only  in  a  few  mine- 
^Is,  more  especially  in  molybdic  disulphide  (molybdenite,  Mo^'S^, 
Resembling  graphite),  and  as  lead  molybdate  (wulfenite,  or  yellow 
ead  ore),  PbMoO,. 

Molybdic  anhydride,  M0O3,  serves  for  the  preparation  of  am- 
monium molybdate,  a  reagent  largely  used  in  the  analysis  of  phos- 
phates, and  best  obtained  from  molybdenite,  by  first  roasting  the 
^fe,  at  a  red  heat,  in  an  open  vessel,  and  dissolving  the  impure 
anhydride  in  strong  ammonium  hydroxide.  An  acid  ammonium 
3aolybdate,  (NHJ^MojOy  +  OH^,  crystallises  out,  on  cooling,  in  large 
transparent  crystals.  The  metal  is  prepared  by  intensely  heating 
the  oxide  in  a  charcoal-lined  crucible  or  by  the  aluminium  reduction 
method.  It  is  a  silver-white,  brittle,  and  exceedingly  infusible 
metal.  It  is  not  affected  by  exposure  to  the  air,  but  when  heated  it 
becomes  first  brown,  then  blue,  and  finally  white,  passing  through 
urious  stages  of  oxidation  until  it  is  converted  into  molybdic  anhy- 
dride, M0O3. 

Pure  molybdenum  files  and  polishes  easily,  and  may  be  forged 
lot.    It  is  not  attacked  by  water  containing  CO,  in  solution. 
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Like  iron,  it  dissolves  carbon  up  to  3  per  cent.,  forming  a  very 
hard  compound. 

From  an   iron-molybdenum  alloy  dilute  acids  remove  the  free 
iron  and  leave  FegMo^. 

Molybdenum  is  insoluble  in  HCl,  but  is  acted  upon  by  HN( 

or  aqua  regia,  being  converted  into  anhydride,  if  sufficient  nitri*   < 

acid  be  present.  

It  forms  with  oxygen,  chlorine,  sulphur,  &c.,  compounds  in  whici  h. 
the  metal  exists  as  a  dyad,  pseudo-triad,  tetrad,  hexad,  and  octac  3, 
thus: 

Oxides.  Chlorides.  Sulphides. 

Molybdous  oxide,  MoO 
Molvbdic        „      M02O3 

=  MoO,MoOa 
Molybdic  dioxide,  M0O2  M0CI4  MoS^  (the  native  molybdenite 


Mo. 


Molybdic  trioxide  —  M0S3 

or  anhydride,  MoO  3  —  dride). 

M0S4  (per-salphomolybdic  !■    ■iiii 
hydride). 

There  is  some  doubt  about  some  of  these  oxides. 

The  higher  oxide  (anhydride)  and  sulphides  form  oxy  a  ^  ^nd 
sulpho  salts — molybdates  and  sulphomolybdates.  Black  molybdcii^BOus 
hydroxide,  Mo(HO)2,  forms  with  acids  molybdous  salts,  which  absf  j>rb 
oxygen  readily  from  the  air,  and  are  powerful  reducing  agents.  l^^Vhe 
principal  salts  are,  however,  the  molybdates. 

Dry  Reactions. 

Molybdic  anhydride,  when  heated  on  charcoal  in  the  outer  fla^^me, 
first  melts,  and  is  then  partly  volatilised  and  forms  a  yellow  crys'^^al- 
line  sublimate  on  the  charcoal  which  turns  white  on  cooling ;  in        "tie 
inner  flame  it  is  reduced  to  the  metallic  state  (even  without  Na,CC3)J; 
the   metal   can   be   obtained  as  a  grey  powder  on  levigating       'ibe 
charcoal.      With  borax  all  oxides  of  molybdenum  give  in  the  OMJjmter 
flame  a  bead  which  is  yellow  when  hot  and  colourless  on  cooling  ^  in 
the  inner  flame,  a  dark  brown  bead,  which  is  opaque  when  excess^  of 
molybdenum  has  been  used. 

Reactions  in  Solution. 

Employ  a  solution  of  ammonium  molybdate. 

The  alkali    molybdates  are  soluble  in  water.     Most  others  are 
insoluble. 

Nitric  or  hydrochloric  acid  precipitates  white  molybdic  add, 
H3M0O4,  from  a  concentrated  solution  of  a  molybdate; 
soluble,  however,  in  a  large  excess  of  the  acid. 

SHg  gradually  precipitates  from  acidulated  solutions  brownish 
black  molybdic  trisulphide,  M0S3,  soluble  in  alkali  fiul- 
phides  or  sulpho  salts,  which  are  decomposed  again  by  adds 
with  precipitation  of  M0S3,  especially  on  the  application  of 
heat.     On  the  addition  of  a  little  SH,  only,  the  molybdate 
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solution  acquires  at  first  a  blue  tint;  added  in  larger 
quantities,  it  produces  a  precipitate,  and  the  su^)ernatant 
fluid  appears  green,  till  on  the  addition  of  excess  of  SH^ 
the  whole  of  the  metal  separates,  though  slowly,  as  a  tri- 
sulphide. 

(NH^)^  gives  a  similar  precipitate,  soluble  in  excess. 

Reducing  agents,  such  as  SnCJ,,  Hgj(N03)j,  ^^  ^^^  HCl,  &c., 
produce  changes,  marked  by  alterations  in  colour,  to  lower 
oxides. 

The  principal  and  moat  characteristic  reaction  for  molybdic  anhy- 
dride consists,  however,  in  precipitating  it  in  a  nitric  acid 
solution,  as  yellow  phospho-molybdate,  or  arsenio-molybdate, 
by  the  addition  of  a  mere  trace  of  a  soluble  phosphate  or 
arsenate. 

TELLURIUM,  Te",  ^  and  ^.  Atomic  weight,  127-6.  Melting- 
point,  452-455°  C. — Occurs  native  in  moderate  quantities  only 
(graphic  and  foliated  tellurium) ;  more  often  in  combination  with 
Au,  Ag,  Bi,  Pb,  as  a  (sulpho)  telluride,  analogous  to  sulphides,  (fee; 
or  as  tellurous  acid,  in  combination  with  metallic  bases. 

Tellurium  exhibits  all  the  physical  properties  of  a  metal,  and 

resembles  antimony  in  its  general  appearance.     It  is  white,  brittle, 

and  readily  fusible,  and  may  be  sublimed  in  a  glass  tube.     When 

heated  in  the  air  it  burns   with  a  greenish  blue  flame,  emitting 

thick  white  fumes  of  tellurous  anhydride,  TeO^.     It  is  insoluble  in 

HCl,  but  dissolves  readily  in  HNO3,  ^oi'D^i^g  TeO^,  a  white  substance 

^bich  fuses  to  a  yellow  fluid    at  a  gentle  heat,  and  volatilises  on 

stronger  ignition  in  the  air.     Tellurous  anhydride  scarcely  dissolves 

Jii  water,  and  the  solution  does  not  redden  litmus  ;  readily  in  HCl, 

^688  so  in  HNO3.     It  also  dissolves  freely  in  alkalies,  slowly  in  am- 

''■lomum  hydroxide,  forming  alkali  tellurites.    On  dilution  with  water, 

^hite  tellurous  acid,  H^TeOj,  is  precipitated  from  an  acid  solution. 

-^  nitric  acid  solution  slowly  deposits  crystalline  tellurous  anhydride, 

^v-en  without  the  addition  of  water. 

Tellurium  forms  several  oxides,  chlorides,  sulphides,  &c.,  in  which 
''h.e  metal  is  a  dyad,  tetrad,  or  hexad  ;  thus  ; 

Oxides. 

Tellurous  oxide  (anhydride)  .         .  TeO^ 

„       acid HgTeOg 

Telluric  oxide  (anhydride)  .         .  TeOg 

„     acid HjTeO, 

Chlorides. 

Tellurous,  or  dichloride  ....     TeCl^ 
Telluric,  or  tetrachloride  .         .         .     TeCl^ 

It  also  forms  with  hydrogen  a  gaseous  compound  (telluretted 
«y<ifogen  or  hydrotelluric  acid),  TeH,  (analogous  with   SH,  and 
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Tellurium  dissolves  in  strong  sulphuric  acid,  giving  a  beautiful 
pink  solution. 

Both  the  di-  and  tri- oxides  are  capable  of  forming  with  metallic 
substances  basic  salts  called  tellurites  and  tellurates.  The  alkali 
and  alkaline  earthy  tellurites — formed  by  fusing  tellurous  acid  with 
the  carbonates  of  these  metals — ai*e  all  more  or  less  soluble  in 
water;  all  others  obtained  by  double  decomposition  are  insoluble. 
The  tellurates  of  the  alkali  metals,  prepared  in  like  manner,  are  also 
soluble  in  water ;  the  others  are  insoluble.  They  can  be  prepared 
by  double  decomposition. 

The  sulphides  of  this  element  act  as  sulpho  acids,  forming,  with 
the  alkali  sulphides,  sulpho-tellurites  and  tellurates. 

Dry  Reactions. 

When  tellurites  or  tellurates  are  heated  with  charcoal  and 
KjCOg  they  are  reduced  to  potassium  telluride,  TeK,,  which  pro- 
vinces a  black  stain  on  a  moist  silver  plate,  and  is  soluble  in  water, 
forming  a  dark  red  solution.  When  HCl  is  added  to  this  solution 
hydrotelluric  acid  gas,  TeH^,  is  evolved,  resembling  SH,  in  smell, 
and  soluble  in  water  to  a  pale-red  solution,  which  is  decomposed 
in  contact  with  air,  with  deposition  of  tellurium. 

All  compounds  of  tellurium  are  readily  reduced  on  charcoal  in 
the  inner  flame.  The  reduced  element  is  volatilised  and  forms  a 
white,  scarcely  visible  deposit  of  tellurous  anhydride  on  the  char- 
coal. Stannous  chloride  colours  it  black,  owing  to  the  separation  of 
tellurium. 

With  borax  or  microcosmic  salt  a  clear,  colourless  bead  is  obtained, 
which,  when  heated  on  charcoal,  is  rendered  grey  and  opaque,  owing 
to  reduced  element. 

Reactions  in  Solution. 

(A)  TELLURIC  COMPOUNDS.— Use  a  solution  of  potassium 
tell  urate,  KjjTeO^  (obtained  by  fusing  potassium  tellurite  or  tellurium 
with  nitre). 

HCl  does  not  decompose  cold  solutions  of  tellurates,  but  on 
boiling  chlorine  is  evolved,  and  on  dilution  with  water 
tellurous  acid,  H^jTeOg,  is  precipitated,  soluble  only  in  a 
considerable  excess  of  HCl.  (Distinction  of  TeOj  from 
TeO,.) 

(B)  TELLUROUS  COMPOUNDS.— Use  a  solution  of  potassium 
tellurite,  K,Te03. 

HCl  decomposes  this  solution  and  precipitates  white  tellurous 
acid.     Tellurium  resembles  in. this  respect  Sb  and  Bi  compounds. 

SHg  precipitates  from  acid  solutions  a  brown  substance,  from 
which  the  sulphur  can  be  easily  extracted,  resembling  in  colour 
SnS,  and  very  freely  soluble  in  ammonium  sulphide. 

Jleducing  agents,  e.g.,  Na^SOj,  SuCl,,  metallic  zinc  or  magnesium 
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and  HCl)  a  solution  of  sulphurous  acid,  &c.,  reduce  tellurium 
compounds  and  precipitate  black  tellurium,  which  is  in- 
soluble in  an  aqueous  solution  of  potassium  cyanide. 

SELENIUM,  Se'V^  and  ^.  Varieties  a  and /3.  Atomic  weight, 
79-2.  Specific  gravity :  a  =  4-8 ;  /3  =  4-2.  Melting-point :  a  =  217**  C. ; 
/3  =  125-130''C.  BoUing-point  -  680°C.,  about.— Occurs  in  the 
free  state  at  Culebras,  Mexico,  in  crystals,  sometimes  called  riolite, 
after  Del  £.io,  who  discovered  it.  It  is  also  found  in  certain  iron 
and  copper  pyrites,  and  where  these  are  used  for  the  manufacture  of 
sulphuric  acid  a  red  deposit  of  selenium  is  found  in  the  chambers ; 
consequently  it  is  often  found  in  the  sulphuric  acid.  It  is  found 
also  as  selenides  of  Pb,  Cu,  Hg,  Ag,  Fe,  &c.  Selenium,  like  sulphur, 
occurs  in  different  allotropic  states,  amorphous  aod  ciystalline. 
The  crystalline  or  a-selenium  is  insoluble  in  CS^ ;  ft  or  amorphous 
selenium  is  soluble  in  OS,. 

Selenium  conducts  electricity  slightly  ;  exposure  to  light  increases 
its  conducting  power ;  when  heated  its  conducting  power  decreases. 
This  remarkable  property  of  selenium  may  probably  be  made  use  of 
for  photometrical  purposes. 

Reactions. 

Heated  in  air,  it  burns  with  a  bluish  flame  and  forms  selenious 
anhydride,  SeOj,  whilst  at  the  same  time  a  disagreeable  odour  is  given 
off.  The  same  oxide  is  formed  when  selenium  is  dissolved  in  nitric 
acid  or  aqua  regia. 

It  (k>mbines  directly  with  bromine  and  chlorine,  and  also  when 
heated  with  iodine,  sulphur,  phosphorus,  and  metals. 

It  dissolves  in  strong  sulphuric  acid,  forming  a  green  solution, 
from  which  water  precipitates  the  element  as  a  red  powder* 

Selenites  containing  selenic  anhydride,  SeOg,  are  formed  by  heat- 
ing selenium  or  its  compounds  with  carbonates  and  nitrates  of  the 
alkalies.  These  oxides  form  two  series  of  salts,  viz.,  selenites  and 
selenates.     The  selenites  are  the  more  stable  of  the  two. 

Dry  Reactions. 

Selenium  compounds  are  reduced,  when  heated  with  NajCOg  on 
charcoal,  in  the  inner  blowpipe  flame,  and  may  be  readily  recognised 
by  a  characteristic  odour  which  they  give  off.  If  the  saline  residue, 
which  contains  sodium  selenide,  Na^Se,  be  placed  on  a  bright  silver 
coin  and  moistened  with  a  drop  of  water,  a  black  stain  is  produced 
on  the  silver.  Treated  with  dilute  HCl,  it  evolves  gaseous  hydro- 
selenic  acid  (selenietted  hydrogen),  H^Se,  analogous  in  composition 
and  properties  to  sulphuretted  hydrogen.  It  is  an  inflammable, 
foetid,  poisonous  gas,  very  soluble  in  water.  The  aqueous  solu- 
tion of  H^e  gradually  deposits  selenium  on  exposure  to  air ;  it 
precipitate  selenides  from  solutions  of  many  metallic  salts. 
Selenium  compounds  impart  a  briglit  blue  colour  to  the  Bunsen 
flame. 

20 
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Reactions  in  Solution. 

(A)  SELENIC    COMPOUNDS.— Use    a    solution    of    potassium 
selenate,  K^jSeO^. 

Selenates  are  stable  salts,  closely  resembling  the  sulphates. 
They  are  soluble  in  water  with  the  exception  of  the  barium, 
strontium,  calcium,  and  lead  salts,  which  are  insoluble  in  water  and 
in  dilute  acids. 

HCl  decomposes  selenates  on  boiling;  chlorine  is  evolved,  and 

the  salt  is  reduced  to  a  selenite.    (Distinction  from  SeOj.) 
SH,  does  not  produce  a  precipitate  till  the  selenate  has  been 

reduced  to  selenite  by  boiling  with  HCl. 
BaCl^  produces  a  white  precipitate  of  barium  selenate,  BaSeO^, 

insoluble  in   water  and   in  dilute  acids;  decomposed   by 

boiling  with  HCl. 

(B)  SELENIOUS   COMPOUNDS.— Use  a   solution  of    an  alkali 
selenite. 

The  normal  alkali  selenites  are  soluble  in  water,  most  others 
ai-e  insoluble;  nearly  all  acid  selenites  are  soluble.  HCl  dissolves 
but  does  not  decompose  selenites. 

SH^  produces  from  an  acid  solution  of  a  selenite  a  lemon-yellow 
precipitate  of  selenious  sulphide,  SeS,  (?),  which  almost  im- 
mediately breaks  up  into  its  component  elements,  Se  +  S^, 
but  is  readily  soluble  in  ammonium  sulphide. 

BaCL  gives  a  white  precipitate  of  barium  selenite,  ipaSeOj, 
soluble  in  dilute  HCl  or  HNO3. 

Reducing  agents,  such  as  SO,,,  alkali  sulphites,  SnCl^,  metallic 
Zn,  and  Fe,  precipitate  selenium  from  acidulated  (HCl) 
solutions,  as  a  red  powder,  which  turns  grey  at  high  tem- 
peratures and  is  soluble  in  KCy  solution.  (FeSO^  is  without 
action.)  Metallic  copper  is  immediately  coated  black  when 
placed  in  a  warm  solution  containing  hydrochloric  acid,  and 
on  standing  the  solution  turns  light  red,  from  separation  of 
amorphous  selenium. 

Test  for  Se  in  IL^SO^: — Five  parts  of  the  acid  when  diluted  with 
ten  parts  water,  and  an  equal  volume  of  a  saturated  solution  of  SO, 
added,  gives  a  red  precipitate  of  Se. 

GERMANIUM,  Ge",  and  '^\  Atomic  weight,  72-5.  Specific  gravity, 
5*47. — This  metal  was  discovered  by  C.  Winckler  in  argyrodite, 
which  is  a  sulphogermaniate  of  silver. 

The  metal  is  silvery  white  and  brittle ;  it  melts  at  about  900°  C, 
and  volatilises  at  a  little  higher  temperature.  Dry  chlorine  com- 
bines with  the  metal  and  forms  GeCl^,  a  colourless  liquid  that  boils 
at  86°  C,  fumes  in  the  air,  and  is  decomposed  by  water.  HNO3  ^*^ 
on  the  metal  and  gives  a  white  oxide  ;  H^SO^  dissolves  it,  and  by 
evaporation  of  the  solution  and  ignition  of  the  residue  GeOj  is 
obtained ;  HCl  is  without  action  upon  the  metal. 


APPENDIX  I.  403 

CeO  is  a  greyish  black  powder,  soluble  in  HCl.  This  solution  of 
germanous  chloride  gives  a  yellow  precipitate  with  alkalies,  a  white 
precipitate  with  K^FeCy^,  and  a  reddi>h  brown  precipitate  with  H,S. 
It  reduces  permanganates  and  gold  and  mercury  salts. 

Acid  solutions  of  GeO,  give  a  white  precipitate  of  GeS,  by  the 
action  of  SH,.     The  precipitate  is  soluble  in  ammonium  sulphide. 

REACTIONS  OF  THE  RARE  METALS  OF  GROUP  I. 

Group  I.  comprises  the  rare  metals  precipitable  by  HCl — viz.,  the 
metal  tungsten,  or  wolfram,  which  is  precipitated  as  tungstic  acid, 
H^WO^,  and  thallium,  precipitated  as  thallous  chloride,  TlCl.  Several 
other  metals  already  treated  of  in  Group  III.  besides  thallium,  viz., 
columbium,  tantalum,  molybdenum,  are  likewise  precipitated,  but  the 
precipitated  acids  (HObOj,  HTaOj,  and  H,MoOJ  dissolve  again  in 
an  excess  of  hydrocnloric  acid. 

TUNGSTEN  or  WOLFRAM,  W'^  and  ^'.  Atomic  weight,  184.— 
This  metal  occurs  in  nature  as  trioxide  combined  as  tungstates,  in 
combination  with  the  bases  CaO,  FeO,  MnO,  in  the  minerals  wolfram, 
Fe"(Ca)WO„  and  CaWO,,  scheelite,  &c. 

The  meted  can  be  obtained  by  intensely  heating  the  oxide  in  a 
currej^.of  hydrogen,  or  combined  with  some  carbon  by  fusion  in  the 
electneTnmace ;  also  by  reduction  of  tungstic  oxide  with  aluminium 
powder.  It  forms  an  iron-grey  powder,  of  specific  gravity  19*12,  very 
difficultly  fusible,  and  becomes  again  oxidised  to  tungstic  anhydride, 
W0„  when  heated  in  air.  The  fused  or  pai-tly  fused  product 
obtained  by  reduction  with  Al  powder  is  not  oxidised  by  air.  Most 
self -hardening  steels,  now  so  largely  used,  contain  a  fair  propor- 
tion of  tungsten.  On  treatment  of  these  with  dilute  acids  the 
compound  FOjW  remains  as  an  insoluble  powder.  Dry  chlorine  gas 
converts  tungsten  into  dark  violet  WCJg,  which  sublimes,  and  a  more 
volatile  red  compound,  WCl^.  Both  chlorides  are  decomposed  by  water 
into  the  corresponding  hydroxides,  with  formation  of  HCl.  The  metal 
is  insoluble,  or  nearly  so,  in  acids,  even  in  a(|ua  regia. 

The  following  are  some  of  the  more  important  compounds  which 
tungsten  forms  with  oxygen,  chlorine,  and  sulphur : 

Oxides.    Chlorides.      Sulphides. 

Inngstic  anhydride  (lemon-yellow)    .        .     WO.,  WClg  WS3 

Tangstic  dioxide  (brownish  black)     .        .     WOo  WCI4 

Intermediute  (blue-coloured)  oxide    .        .    WgOe  WCI5 

=  W0o,W03  WCl4,WCle. 

Tungstic  anhydride  can  be  prepared  from  wolfram  or  tungsten 
by  digesting  the  finely  divided  minei-al  in  aqua  regia,  till  it  is  com- 
pletely decomposed,  and  evapoiating  to  dryness  on  a  water-bath. 
The  metallic  chlorides  are  dissolved  out  with  acidulated  water,  and 
the  residue,  which  contains  a  little  silica  and   sometimes  columbic 
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acid,  washed  with  alcohol  and  treated  with  ammonium  hydroxide. 
Tungstic  acid  is  dissolved  and  silicic  and  columbic  acids  are  left 
behind.  From  the  ammonium  salt  pure  anhydride  is  obtained  by 
evaporation  of  the  filtrate  and  ignition. 

Dry  Reactions. 

When  heated  on  charcoal  in  the  reducing  flame,  together  with 
Na^COj  and  KCy,  tungstic  anhydride  isp:educed  to  a  black  powder, 
containing  metallic  tungsten.  Heated  with  microcosmic  salt,  tung- 
sten compounds  give  a  colourless  bead  in  the  outer  flame;  in  the 
inner  flame  a  blue  bead,  which,  on  the  addition  of  a  little  FeSO^, 
changes  to  blood-red.  The  addition  of  tin  changes  the  red  bead  to 
blue  or  green. 

Reactions  in  Solution. 

A  solution  of  sodium  tungstate,  Na^WO^,  may  be  used. 

The  alkali  tungstates  ai*e  soluble  in  water ;  all  others  are  insoluble, 
and  can  be  obtained  by  double  decomposition. 

Mineral  acids  (HOI,  HNO,,  H,SO^)  precipitate  white  tungstic 
acid,  H,WO^.  It  turns  yellow  on  boiling,  and  is  quite  insoluble  in 
excess  of  the  acids.  (Distinction  from  M0O3.)  Non- volatile  acids 
(e.g.,  phosphoric,  tartaric)  precipitate  it  likewise,  but  the  precipitate 
is  soluble  in  excess.  It  is  also  readily  soluble  in  ammonium 
hydroxide. 

SHg  produces  no  precipitate  from  an  acid  solution,  but  reduces 
the  tungstic  acid  to  the  blue  oxide,  W^O^. 

(NHJjS  produces  no  precipitate  from  alkali  tungstates,  but  on 
acidulating  with  HCl  light  brown  tungstic  trisulphide, 
WS,,  is  precipitated,  slightly  soluble  in  pure  water,  but 
insoluble  in  the  presence  of  salts.  The  solution  is  coloured 
blue.  The  precipitated  sulphide  dissolves  readily  in  ammo- 
nium sulphide. 

SnCl,  gives  at  first  a  yellow  precipitate  (WO3);  on  acidulating 
with  HOI  and  applying  heat  the  precipitate  acquires  a 
beautiful  blue  colour  (W^OJ.  This  reaction  is  very  delicate 
and  highly  characteristic. 

Zinc  sub-sulphite,  obtained  by  treating  a  sulphite  with  zinc, 
reduces  tungsten  compounds  to  a  deep  brown  tungstous 
oxide  of  unknown  composition ;  in  small  quantities  a  deep 
blue  colour  only  may  be  produced. 

Sodium  tungstate  is  used  for  rendering  fabrics  difficultly  com- 
bustible so  that  they  will  not  burn  with  flame. 

GALLIUM,  Ga'".  Atomic  weight,  70-0.  Specific  gravity  in  the 
solid  state,  5*956  at  24*5°  0. ;  that  of  the  liquid  at  the  same  tempera- 
ture is  6-069^     Melting-point,  30-1°. 

This  metal  was  discovered  in  the  zinc  blende  of  Pierrefitte  in  the 
valley  of  Argeles,   Hautes   Pyrenees,  but  is  contained  in  greater 
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abundance  in  that  from  Asturia,  and  still  more  so  in  the  black 
blende  of  Bensberg  (Rhine) ;  it  has  also  been  found  in  exceedingly 
minute  quantities  in  blende  from  other  localities.* 

Gallium  is  a  hard  metal  of  a  greyish  white  colour,  which 
tarnishes  slightly  in  moist  air.  When  melted  it  adheres  to  glass, 
forming  a  whiter  mirror  than  that  produced  by  mercury.  It 
remains  in  a  state  of  superfusion  with  great  facility ;  a  globule  of 
it  may  remain  liquid  for  an  indefinite  period.  It  possesses  some 
malleability,  and  may  be  cut  with  a  knife.  Metallic  gallium  is 
obtained  by  subjecting  the  pure  oxide  or  basic  sulphate  dissolved  in 
a  solution  of  potassium  hydroxide  to  electrolysis,  when  it  is  deposited 
in  the  liquid  stat«  on  the  negative  platinum  electrode,  which  should 
be  very  much  smaller  than  the  positive  electrode. 

Heated  to  redness,  the  metal  does  not  volatilise  appreciably,  but 
becomes  coated  with  a  film  of  oxide.  It  is  scarcely  attacked  by  cold 
nitric  acid,  but  dissolves  readily  when  heated  with  hydrochloric  acid ; 
a  solution  of  potassium  hydroxide  dissolves  it  with  evolution  of 
hydrogen. 

Gallium  forms  alloys  with  Al ;  and  when  the  proportion  of  the 
latter  is  not  great  the  alloys  are  liquid  and  readily  decompose  water. 

Extraction  of  Gallium  from  its  (h'es. — The  blende  is  digested  in 
aqua  regia,  5  parts  hydrochloric,  1  part  nitric ;  the  solution  is  then 
boiled  to  expel  the  greater  part  of  the  nitric  acid  ;  and  slips  of  pure 
zinc  are  immersed  in  the  solution,  and  withdrawn  when  the  evolu- 
tion of  hydrogen  has  almost,  but  not  entirely,  ceased ;  by  this  means 
the  Cu,  Pb,  Cd,  Ir,  Tl,  Ag,  Hg,  Se,  As,  &c.,  are  for  the  most  part 
removed.  A  large  excess  of  zinc  is  added  to  the  clear  fluid,  which 
is  then  boiled  for  some  hours ;  a  bulky  gelatinous  precipitate  then 
comes  down,  consisting  of  alumina,  basic  salts  of  zinc,  and  gallium. 
This  precipitate  is  redissolved  in  hydrochloric  acid,  ammonium  acetate 
is  added,  and  the  metals  precipitated  with  sulphuretted  hydrogen. 
The  solution  in  hydrochloric  acid  of  the  white  sulphides  is  Iractionally 
precipitated  with  sodium  carbonate ;  the  gallium  is  found  in  the  first 
portions.  The  point  where  the  precipitation  may  be  stopped  is  easily 
recognised  by  spectroscopic  examination.  The  gallium  is  separated 
from  the  zinc  by  solution  in  sulphuric  acid  and  addition  of  excess  of 
NH^OH.  Much  of  the  gallium  remains  dissolved  in  the  NH^OH, 
which  is  recovered  by  boiling  till  excess  of  ammonia  is  expelled  ;  the 
excess  of  ammonium  salts  is  then  decomposed  with  aqvia  regia,  and 
the  gallium  and  zinc  are  separated  by  fractional  precipitation  with 
sodium  carbonate.  The  pure  gallium  oxide  precipitated  by  ammo- 
nium hydroxide  is  dissolved  in  KHO  solution  and  electrolysed,  a 
current  of  from  8  to  10  volts  being  necessary.  The  gallium  is  easily 
separat-ed  from  the  platinum  by  bending  it  under  cold  water. 

*  M.  de  Boisbaudran  first  isolated  gallium. 
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ORGANIC  ACIDS,  &c. 

All  organic  acids  other  than  the  hydrocyanic  acids  contain  at 
least  one  negative  group  or  complex,  containing  a  replaceable 
hydrogen  atom,  of  the  form   — CO.OH  (carboxjl),  the  molecule  of 

OC.OH 
which,      I        ,  constitutes  oxalic  acid,  a  substance  resulting  from 

OC.OH 
the  oxidation  of  a  large  number  of  organic  substances — e.g.,  sugar, 
woody  fibre,  &c. — by  the  action  of  powerful  oxidising  agents,  and  is, 
on  further  oxidation,  itself  resolved  into  the  products  of  the  final 
oxidation  of  everything  organic,  viz.,  carbon  dioxide  and  water.  This 
group, — COOH,  is  considered  to  be  characteristic  of  organic  adds. 

A  high  temperature  breaks  up  nearly  all  salts  of  organic  acids. 
Those  of  alkali  and  alkaline  earthy  bases  leave  upon  gentle  ignition 
carbonates,  with  separation  of  carbon,  and  consequent  blackening, 
oxalates  perhaps  excepted.  The  residue,  with  the  exception  of  the 
carbon,  being  soluble  in  water,  indicates  that  the  organic  acid  was 
combined  with  alkali  metals,  and  if  insoluble,  with  alkaline  earthy 
bases.  The  decomposition  is,  moreover,  accompanied  in  most  in- 
stances by  the  evolution  of  volatile  matter,  of  carbon  monoxide, 
hydrocarbons,  acetone,  and  other  products.  Some  metallic  salts  leave 
metal  or  oxide. 

In  the  free  state  organic  acids  are  either  volatile,  and  can  be 
distilled  or  sublimed,  generally  without  undergoing  decomposition  and 
without  leaving  any  carbonaceous  residue — as,  for  instance,  formic, 
acetic,  benzoic,  and  many  others.  Most  of  these  acids  can  be  dis- 
placed from  their  compounds  by  mineral  acids,  as  sulphuric.  Some 
organic  acids  are  non-volatile,  and  are  decomposed  on  heating  alone, 
leaving  generally  a  residue  of  carbon.  Many  of  these  acids  will, 
however,  distil  in  a  current  of  steam  without  decomposition.  Some 
are  also  more  soluble  in  liquids,  as  ether,' chloroform,  petroleum,  than 
in  water,  and  may  be  by  these  means  separated. 

FORMIC    ACID,   Q  .  (^  Q-g-  [exists  in   many  plants,  and  can  be 

exuded  under  certain  conditions  by  some  animals — for  instance,  ants. 
It  can  be  obtained  by  the  oxidation  of  methyl  alcohol,  CH3.OH,  by 
platinum  black.*     The  action  of  glycerine  on  oxalic  acid  gives  one  of 

*  This  method  is  of  interest  as  showing  its  constitution  and  its  relation 
to  th<s  alcohols  and  carbinols,  of  which  CH3OH  is  the  simplest,  as  is  formic 
the  simplest  organic  or  carboxylic  acid. 

The  experiment  may  be  performed  in  a  flask  with  wide  neck.    A  few 
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the  easiest  methods  of  obtaining  formic  acid  in  quantity.  The  reac- 
tion takes  place  in  several  stages,  glycerol  monoformin  being  one. 
Equal  weights  of  the  two  substances  are  heated  together  in  a  retort 
to  100°  C,  when  the  formic  acid  distils  over  with  the  water.  Dry 
formic  acid  is  a  liquid  above  8*5°  C. ;  it  boils  at  00°  C,  and  has  a 
specific  gravity  of  1  '22.  It  is  monobasic.  Oxidising  agents  convert 
it  into  OOj  and  OH,.     Its  salts  give  the  same  reactions. 

Dry  Reactions. 

Formates  of  the  fixed  alkalies  and  alkaline  earthy  bases,  when 
heated  out  of  contact  with  air,  are  decomposed  into  carbonates,  and  a 
little  carbon,  with  disengagement  of  combustible  gases — mainly  car- 
bon monoxide  and  hydrogen.  Formates  of  the  heavy  metals  give  off 
OO3,  CO,  and  OH,,  leaving  the  metal  (generally  mixed  with  a  little 
carbon). 

Reactions  in  Solution. 

•ig- 

A  solution  of  sodium  formate,  qqq^t  j  gives  the  reactions. 

All  formates  are  soluble  in  water,  lead  formate  least  so ;  some 
also  in  alcohol. 

Formic  acid  and  formates  are  readily  recognised  by  their  pro- 
perty of  reducing  salts  of  the  noble  metals,  e.^.,  AuClg,  AgNOg, 
Hg,(N03)„  or  HgClg,  to  the  metallic  state,  with  evolution  of  carbon 
dioxide. 

Mercuric  chloride  solution  warmed  with  a  little  formic  acid  or 
formate  and  HCl  gives  a  white  precipitate  of  Hg^Cl^ — 

2HgCl,  +  HCOOH  =  Hg.Cl,  +  CO,  +  2HC1. 

On  boiling,  the  reaction  goes  further,  and  Hg  is  formed. 

This  reducing  action  distinguishes  formic  acid  from  acetic  acid 
and  some  of  its  homologues. 

Potassium  permanganate  is  rapidly  deoxidised  by  formic  acid. 

Formic  acid  or  a  formate,  when  heated  with  a  solution  of  potas- 
sium dichromate  and  sulphuric  acid,  is  broken  up,  with  evolution 
of  CO,. 

When  heated  with  concentrated  sulphuric  acid,  formic  acid  and 
formates  are  broken  up  into  water  and  carbon  monoxide,  which  latter 
burns  with  a  blue  flame.  (Method  of  preparing  carbon  monoxide 
gas — see  ante.)     The  mixture  does  not  blacken. 

HCOOH  -  H,0  =  CO. 

Formic  acid  may  be  synthetised  by  heating  carbon  monoxide 
and  KHO  to  about  100°  C. :  KHO  +C0-  KOOCH  ;  or  moist  soda- 
lime,  to  190-200°  ;  also  from  HCN  by  the  action  of  KHO,  thus : 

c.c.  of  methyl  alcohol  are  introduced,  and  then  a  red-hot  platinum  wire 
spiral  lowered  into  the  flask,  not  touching  the  alcohol ;  the  wire  continues  to 
glow,  and  some  formic  aldehyde,  HCOH,  is  first  produced.  Some  of  this 
oxidises  further,  producing  HCOOH.  The  residue  in  the  flask  will  be  found 
to  be  acid  to  litmus. 
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Formic  acid  heated  with  excess  of  zinc  gives  CO  and  H. 

CH 
ACETIC  ACID,  qX  qW — Is    obtained  either  by  the    oxidation  of 

alcohol,  thus : 

\CH,OH   +  '^^  -  OC.OH  ^  ^^»» 

or  by  the  destructive  distillation  of  vegetable  substances,  especially  of 
wood,  and  organic  acids  containing  much  oxygen.  The  acid  can  be 
synthetised  in  several  ways — e.g.,  by  the  hydrolysis  of  methylcyanide 
with  KHO;  from  sodium  methyl,  CHjONa  and  CO  at  160°  = 
NaOOCCHg,  and  others.  Chromic  acid,  or  permanganate,  will  oxidise 
alcohol  to  acetic  acid,  but  in  almost  every  case  of  oxidation  some 
aldehyde  is  first  formed. 

In  the  ordinary  tnethod  of  preparation  the  oxidation  of  the 
alcohol  is  carried  on  by  the  agency  of  a  bacterium,  which  can  func- 
tion in  very  dilute  alcohol  solution.  It  practically  conveys  atmo- 
spheric oxygen  to  the  alcohol. 

The  main  source  of  commercial  acetic  acid  is  the  liquid  distillate 
obtained  during  wood-charcoal  makiug,  the  woody  matters  being 
charred  in  iron  vessels  and  the  volatile  matters  carefully  condensed. 

Pure  anhydrous  acetic  acid  boils  at  118°  C.  This  is  termed 
glacial  acetic  acid,  and  is  prepared  by  decomposing  dry  sodium 
acetate  (5  parts  by  weight)  with  concentrated  sulphuric  acid  (6  parts 
by  weight)  and  distilling.  The  crude  acid  is  placed  over  MnO^,  in 
order  to  remove  any  SO^,  and  rectified  by  distillation  over  a  little 
dry  sodium  acetate.     It  easily  crystallises  when  nearly  pure. 

Dry  Reactions  of  Acetates. 

Acetates  are  decomposed  when  distilled  in  a  retort  or  similar 
partially  closed  vessel,  yielding  an  inflammable  volatile  liquid, 
acetone,  along  with  water  and  small  amounts  of  CO,  COj,  and  some- 
times CH^,  (fee. 

CH,  ^^' 

OCO^  Ca  =  CaCO,  +  CO 

^^»  CH, 

Calcium  acetate.  Acetone. 

The  acetates  of  the  alkalies  and  alkaline  earthy  bases,  when 
strongly  heated  in  the  air,  leave  a  carbonate ;  those  of  the  heavy 
metals  leave  either  a  metallic  oxide,  or  the  metal  itself,  mixed  with 
carbon.     Thus, 

2(AgO,CCH3)  =  2Ag  +  (CH3C0,),0  +  O; 
Acetic  anbydride* 
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is  the  action  with  silver  acetate.  Some  acetic  anhydride  is  produced, 
and  the  oxygen  may,  instead  of  coming  ofi*  as  such,  oxidise  some  of 
the  acetic  molecule  to  CO,  and  H,0. 

Heated  with  alkali  hydroxides,  dry  sodium  acetate,  and  most  other 
acetates,  give  off  marsh-gas,  or  methane,  CH^,  thus ; 

Oc6Na  +  ^*^^  -  ^"«^^»  +  ^^*- 

The  gas  can  be  collected  in  the  usual  manner  over  water,  and  on 
applying  a  light  it  burns  quietly  with  an  almost  non-luminous  flame 
to  water  and  carbon  dioxide.  It  generally  contains  a  little  hydrogen, 
and  traces  of  acetone. 

Reactions  in  Solution. 

A  solution  of  sodium  acetate  may  be  employed. 

All  acetates  are  soluble  in  water.  Silver  and  mercurous  acetates 
are  the  least  soluble. 

On  heating  a  solid  acetate  (or  a  concentrated  aqueous  solution  of 
one)  with  alcohol  and  concentrated  sulphuric  acid,  acetic  ether  (ethylic 
acetate),  CHgC.O.OCjHj,  is  formed,  which  possesses  a  fragrant  odour. 
The  change  is  expressed  thus : 

CH,C0ONa  +  C,H,OH  +  H,SO,  =  {o  o'oc  H   "^  HNaSO,  +  OH,. 

Too  much  alcohol  should  be  avoided,  lest  common  ether,  0(C2H,)j,, 
be  formed,  the  odour  of  which  would  mask  that  of  the  acetic  ether. 
Excess  of  sulphuric  acid  is  advisable.  Acetates  of  a  dibasic  metal 
HkeCa  or  Ba,  when  heated  alone  in  a  retort  or  similar  closed  vessel, 
yield  more  acetone  than  an  alkali  acetate,  where  much  CH^  accom- 
panies the  acetone. 

By  distilling  an  acetate  with  moderately  dilute  sulphuric  acid  in 
a  retort,  free  acetic  acid  is  obtained,  which  is  recognised  by  its 
characteristic  pungent  odour.  Acetic  acid  is  not  easily  oxidised  by 
chromic  acid  when  very  pure,  or  glacial,  more  easily  when  dilute,  but 
still  not  rapidly. 

FejjClg  added  to  a  solution  of  an  acetate  produces  a  deep  red- 
coloured  solution,  owing  to  the  formation  of  ferric  acetate.  On 
boiling,  the  whole  of  the  iron  is  precipitated  as  basic  ferric  acetate, 
in  the  form  of  brownish  yellow  flakes.  NH^OH  precipitates  the  iron 
from  a  solution  of  ferric  acetate  as  ferric  hydroxide. 

Ammonium  acetate,' with  ammonium  hydroxide,  dissolves  several 
insoluble  sulphates — e.g.,  PbSO^,  CaSO^. 

Ammonium  acetate  on  being  heated  in  a  retort  decomposes, 
giving  off  water  and  leaving  acetamide,  a  compound  having  a 
characteristic  odour,  something  like  mice  excrement,  which  con- 
tains it. 

CH3COONH,  =  H,0   I-  CH3.CO.NH2. 

Dry  acetates  heated  with  arsenious  oxide,  As^O,,  give  cacodyl, 
CHjAsOH,,   readily  distinguished  by  its  onion-like  odour.      It  is 
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highly  poisonous.  This  reaction,  if  performed  at  all,  should  only  he 
done  on  the  smallest  scale. 

Approximate  Separation  of  Acetic  Acid  from  its  next  higher  Homo- 
logues* — Add  enough  potassium  or  sodium  hydroxide  to  convert  the 
acetic  acid  into  acetate,  and  distO.  The  acid  containing  the  least 
number  of  carbon  atom.s,  being  the  stronger,  is  first  neutralised,  and, 
if  sufficient  alkali  has  been  added,  the  distillate  is  obtained  free 
from  acetic  acid. 

OXALIC     ACID,    |fi^J.—"Dicarboxyl."— Exists    in     rhubarb, 

sorrel,  and  other  plants  in  the  form  of  acid  salts,  and  may  be 
obtaiueil  by  the  oxidation  of  a  large  number  of  organic  substances — 
e.tj,,  sugar,  by  nitric  acid ;  or  woody  fibre,  by  the  action  of  melted 
caustic  alkalies.  The  free  acid  is  a  violent  poison.  It  crystallises  in 
rhombic  prisms  with  two  molecules  of  water  of  crystallisation,  which 
it  loses  when  exposed  to  dry  air — 1.«.,  it  effloresces  and  crumbles  to  a 
powder.  With  bases  it  forms  an  important  series  of  salts,  called 
oxalates.     The  acid  being  dibasic,  two  series  of  salts,  neutral  and 

acid,  4^*r\Tr  and  i-uw-)fr>  exist,  besides  some  super  acid  oxalates. 

Oxalic  acid  may  be  looked  upon  as  the  hydrate  of  the  unknown 
oxide  of  carbon,  CjO,.  An  oxide  of  this  composition  has  recently 
been  obtained. 

Dry  Reactions. 

Oxalic  acid  when  heated  by  itself  loses  its  crystal  water,  and 
then  sublimes  for  the  most  part  unchanged ;  a  portion  of  it  breaks 
up  into  CO,  COj,  and  some  formic  acid.  Oxalates  yield,  upon  ignition, 
different  products  of  decomposition,  according  to  the  nature  of  the 
base  contained  therein. 

Alkali  oxalates  leave  a  carbonate,  with  slight  blackening,  and 
give  off  carbon  monoxide. 

Alkaline  earthy  oxalates  leave  a  carbonate,  together  with  some 
caustic  base,  if  a  strong  heat  be  applied,  and  give  off  CO  and  CO,. 

Oxalates  containing  metallic  bases  which  do  not  form  carbonates, 
or  the  carbonates  of  which  are  decomposed  by  heat,  break  up  into 
metallic  oxides,  and  give  off  equal  volumes  of  CO  and  CO,,  or  into 
metal — as,  for  instance,  silver  oxalate,  which  gives  off  CO,. 

Heated  with  strong  H^SO^,  oxalates  and  the  acid  decompose  into 
CO,  and  CO,  which  escape  together. 

Reactions  in  Solution. 

Use  a  solution  of  ammonium  ox\late. 

Beside  the  alkali  normal  oxalates  very  few  are  soluble  in  water. 
Mineral  acids  dissolve  the  insoluble  oxalates  by  forming  perhaps  acid 

oxalates. 

*  Homolc^ues  oe  acetic  acid  are  propionic,  CH^CH^COOH  batyric 
GH,CHXHaCCK)H,  and  so  on,  Ttie?  differ  from  acetic  by  contaiDing  nCH^ 
more  ia  th©  molwule.  OcherwUe  their  basicity  and  general  properties  are 
Terj  much  the  $aoke« 
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Any  soluble  calcium  salt  precipitates  even  fi-om  very  dilute  solu- 
tions white  pulverulent  calcium  oxalate,  readily  soluble  in  hydro- 
chloric or  nitric  acid ;  almost  insoluble  in  oxalic  or  acetic  acid,  and  in 
potassium  or  ammonium  hydroxide.  Heat  promotes  the  precipita- 
tion from  very  dilute  solutions.  This  constitutes  one  of  the  most 
delicate  reactions  for  oxalic  acid. 

BaClj  gives  from  solutions  of  neutral  oxalates  a  white  precipitate 
of  barium  oxalate,  soluble  in  oxalic  acid,  readily  soluble  in  hydro- 
chloric or  nitric  acid. 

AgNOj  produces  a  white  precipitate  of  silver  oxalate, 
COOAg 

I  ,  soluble  in  dilute  nitric  acid,  and  in  ammonium  hydroxide. 

COOAg 

Concentrated  sulphuric  acid  decomposes  oxalic  acid  or  oxalates, 
on  warming  only,  into  CO  and  COjj,  without  blackening,  by  with- 
drawing from  the  molecule  of  oxatyl  a  molecule  of  OH^.  The 
gaseous  mixture  is  passed  through  a  wash-bottle  containing  sodium 
hydroxide  or  lime-water,  and  the  carbon  monoxide  gas  collected  over 
water.     (Usual  method  for  preparing  carbon  monoxide.) 

Oxalic  acid  or  oxalates  in  the  presence  of  free  mineral  acids  act 
as  reducing  agents. 

Treat  a  little  black  oxide  of  manganese  and  oxalic  acid,  or  an 
oxalate,  with  a  few  drops  of  concentrated  sulphuric  acid.  Effer- 
vescence ensues.  The  gas  which  escapes  is  carbon  dioxide,  resulting 
from  this  reaction : 

MnO,  +  Q^Q^  +  2H,S0,  =  2C0,  +  MnSO,  +  K,SO,  +  20H,. 
A  solution  of  gold  is  reduced  to  metallic  gold,  thus : 
2AUCI3  +  3^^^g  =  6C0,  +  Au,  +  6HC1. 

Potassium  permanganate  is  speedily  reduced  (decolorised).  The 
free  acid  dissolves  in  alcohol,  both  hot  and  cold,  but  not  in  chloroform 
or  benzene. 

Some  of  the  cerite  metals,  as  cerium,  lanthanum,  didymium,  give 
oxalates  insoluble  in  moderately  strong  HCl. 

OC.OH 

TARTARIC     ACID,     hOOH*""^^^®  ^^^^  ^^"^  dibasic.     It  is  found 

OCOH 
in  grapes,  tamarinds,  pine-apples,  and  several  other  fruits  in  the 
form  of  hydrogen  potassium  tartrate.  The  acid  met  with  in  com- 
merce is  prepared  from  the  tartar  or  argol,  an  impure  hydrogen 
potassium  tartrate,  deposited  from  the  grape  juice  during  fermenta- 
tion. The  acid  forms  colourless  transparent  crystals,  very  soluble  in 
water,  both  hot  and  cold,  and  soluble  also  in  alcohol.  The  aqueous 
solution  undergoes  gradual  decomposition.  There  are  five  modifica- 
tions of  tartaric  acid,  due  to  structural  differences  in  the  molecule. 
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Dry  Reactions. 

Tartaric  acid  is  decomposed  by  heat,  giving  off  an  odour  resembling 
that  of  burnt  sugar  (caramel),  aud  leaving  a  residue  of  carbon. 
Alkali  tartrates  when  heated  in  a  test-tube  are  decomposed,  with 
evolution  of  inflammable  gases,  leaving  a  mixture  of  finely  divided 
charcoal  and  carbonate  (black  flux),  from  which  the  carbonate  may 
be  extracted  by  water.  The  carbonaceous  residue  left  upon  igniting 
alkaline  earthy  tartrates  contains  an  insoluble  carbonate,  and  efier- 
vesces  when  treated  with  dilute  hydrochloric  acid.  Tartrates  of  the 
heavy  metals  also  undergo  decomposition,  accompanied  by  the 
characteristic  odour  of  burnt  sugar,  and  leave  much  carbon  mixed 
with  metallic  oxide  or  metal. 

Reactions  in  Solution. 

Use  a  solution  ot  tartaric  acid,  and  for  some  reactions  a  solution 
of  a  normal  salt,  as  Hochelle  salt,  potassium  sodium  tartrate. 

The  alkali  tartrates  are  soluble  in  water,  the  acid  salts  less  so 
than  the  neutral  tartrates.  The  normal  tartrates  of  the  alkaline 
earthy  bases,  of  the  earths  and  heavy  metals,  are  difficultly  soluble 
in  water,  but  dissolve  readily  in  dilute  tartaric  acid.  Alkalies  fail  to 
precipitate  double  tartrates  containing  an  alkali  and  metallic  base. 
Hence  the  presence  of  tartaric  acid  serves  to  prevent  the  precipita- 
tion of  Fe,03,  ^r.O,,  ZnO,  NiO,  CoO,  MnO,  CuO,  PbO,  BijO,,  PtO^ 
or  CdO,  whilst  some  other  substance,  e.g.,  phosphoric  acid,  if  present, 
may  be  precipitated  from  an  alkaline  solution. 

KCl  (or  other  potassium  salt,  especially  a  very  soluble  one)  produces 
in  a  solution  of  free  tartaric  acid  a  heavy  white  crystalline  precipitate 
of  hydrogen  potassium  tartrate,  readily  soluble  in  mineral  acids  and  in 
alkalies  and  alkali  carbonates,  insoluble  in  acetic  acid.  The  precipi- 
tation is  accelerated  by  agitation  and  by  allowing  to  stand  for  some 
hours.  Alkalies  dissolve  the  precipitate,  forming  a  normal  tartrate, 
soluble  in  water,  from  which  acetic  acid  reprecipitates  the  acid  salt. 

Ca(HO)j  added  in  excess  to  free  tartaric  acid  precipitates  white 
calcium  tartrate. 

CaClg  (but  not  CaSO^,  except  on  long  standing)  precipitates  from  - 
a  solution  of  a  normal  tartrate  white  calcium  tartrate,  soluble  in 
acids,  even  tartaric  acid,  in  ammonium  salts,  but  not  in  ammonium 
hydroxide.  The  precipitate,  especially  as  long  as  it  is  amorphous,  j.«.) 
recently  precipitated,  is  soluble  in  cold  potassium  or  sodium  hydroxide, 
when  nearly  free  from  carbonate,  but  is  reprecipitated  on  boiling  as 
a  gelatinous  mass  which  redissolves  on  cooling. 

AgNOj  produces  from  a  solution  of  a  normal  tartrate  («-f > 
Rochelle  salt)  in  the  cold  a  white  curdy  precipitate  of  silver  tartrate. 
On  filtering  and  dissolving  some  of  the  precipitate  off  the  filter  with 
a  little  dilute  ammonium  hydroxide,  and  heating  the  solution  in  a 
clean  test-tube  or  flask  during  ten  or  twenty  minutes,  in  water, 
heated  to  about  66°  C,  the  glass  becomes  coated  with  a  fine  silver 
mirror.*     (Characteristic  reaction  for  tartaric  acid.) 

♦  The  presence  of  a  little  free  NaHO  or  KHO  accelerates  the  formation  of 
the  silver  mirror. 
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Lead  acetate  gives  a  white  crystalline  precipitate  of  lead  tartrate 
from  solutions  of  tartaric  acid  or  its  soluble  salts.  The  precipitate 
is  soluble  in  nitric  acid  and  in  ammonium  hydroxide ;  the  latter  giving 
rise  to  the  formation  of  lead  ammonium  tartrate,  which  cannot  be 
precipitated  by  ammonium  hydroxide. 

Tartaric  acid  and  ammonium  hydroxide  dissolve  lead  sulphate. 

Concentrated  H,SO^  decomposes  taitaric  acid,  or  a  tartrate,  on 
beating,  with  evolution  of  SO,,  00^,  and  CO,  and  separation  of  carbon, 

OH 
HC  CO  OH 
CITRIC  ACIDy  hC  CO  OH* — Tiibasic. — Obtained  from  orange  or 

H,C.c6.0H 
lemon  juice.  Found  also  in  many  other  fruits.  It  forms  colourless 
prismatic  crystals,  which  possess  a  pure  and  agreeable  acid  taste. 
They  dissolve  in  cold  and  hot  water,  and  in  alcohol.  The  aqueous 
^lution  undergoes  decomposition  after  a  time.  The  citrates  are 
Very  numerous,  the  acid  forming,  like  phosphoric  acid,  three  classes 
of  salts  by  the  replacement  of  one,  two,  or  three  atoms  of  hydrogen 
by  an  equivalent  amount  of  a  metal.  There  are  no  absolutely  in- 
soluble citrates. 

Dry  Reaetions. 

On  heating  citric  acid,  it  loses  first  its  water  of  crystallisation, 
then  fuses,  and  is  decomposed  with  disengagement  of  pungent  and 
irritating  acid  fumes  into  aconitic  acid,  and  finally  to  citraconic 
Anhydride,  leaving  a  less  abundant  carbonaceous  residue  than  tartaric 
CLcid.  Alkali  and  alkaline  earthy  citrates  leave  a  carbonate  upon 
ignition. 

Reactions  in  Solution. 

Use  a  solution  of  citric  acid  in  water,  or  a  solution  of  a  normal 
a.lkali  citrate. 

Potassium  salts  give  no  precipitate. 

Ca(HO),  gives  no  precipitate  from  a  cold  solution  of  citric  acid. 
Or  of  a  neutral  citrate ;  but  on  heating  a  white  precipitate  of  cal- 
oium  citrate  is  obtained.  (Distinction  between  tartaric  and  citric 
^cid.)  When  both  citric  and  tartaric  acid  are  present  the  precipi- 
t:ate  produced  by  Ca(HO)jj  or  CaCl^  in  the  cold  solution  is  filtered  ofi*, 
^nd  the  clear  filtrate  boiled,  when  a  further  precipitate  indicates 
citric  acid. 

CaCl,  produces  at  first  no  precipitate  in  a  cold  aqueous  solution 
of  citric  acid,  or  a  soluble  citrate  ;  but  on  standing  precipitation 
takes  place,  and  is  all  but  completed,  even  in  the  cold,  after 
"twenty-four  hours.  On  boiling  a  white  precipitate  of  calcium  citrate 
is  obtained  if  the  solution  be  neutral,  or  if  it  contain  an  excess  of 
lime-water  or  ammonium  hydroxide.  This  precipitate  is  insoluble  in 
sodium  or  potassium  hydroxide,  but  soluble  both  in  ammonium  salts 
and  in  acids. 


M  I.  A  COURSE  OF  PRACTICAL  CHEMISTRY. 

Silver  nitrate  dissolved  in  ammonium  hydroxide  does  not  form  a 
mirror  upon  heating,  but  a  black  deposit  takes  place  after  boiling 
for  some  time.  Citric  acid,  like  tartaric  acid,  prevents  the  precipi- 
tation of  certain  oxides,  especially  of  AljO,,  Fefi^,  of  Groups  II.  and 
III.  and  some  phosphates  by  caustic  alkalies,  on  account  of  the  for- 
mation of  soluble  double  citrates,  containing  an  alkali  base  and  a 
heavy  metal. 

Concentrated  sulphuric  acid  decomposes  citric  add  or  citrates 
slowly.  On  cautiously  applying  heat  CO  and  CO,  escape,  at  first 
without  any  blackening  of  the  liquid,  but  on  boiling  for  some  time 
SO,  is  evolved  and  carbon  separates. 

rcooH 

SUCCINIC  ACID,  -  C,H,  .—This  acid  is  an  ethylene  dicarboxylic 

[COOH 
acid,  and  may  be  made  from  ethylene,  C,H^,  through  the  bro- 
mide, CjH^Br,,  and  cyanide,  C,H^(CN)„  and  hydrolysis  of  this- 
It  is  obtained  by  the  distillation  of  amber,  of  fossil  resin,  and  also 
by  the  long-continued  action  of  nitric  acid  upon  butyric,  stearic,  or- 
margaric  acids,  by  fermentation  of  sugar,  mahc  acid,  glycerine,  &c- 
The  acid  crystallises  in  white  plates,  is  readily  soluble  in  water, 
alcohol,  and  ether,  and  is  not  acted  upon  by  boiling  nitric  acid. 
Heated  in  a  tube  open  at  both  ends,  it  sublimes  in  silky  needles. 
Heated  upon  platinum  foil,  it  bums  with  a  blue  flame  and  without; 
smoke.  It  melts  at  180"  C.,  but  gives  ofi*  fumes  at  130°  C.  Ai> 
235''  C.  it  boils  and  forms  the  anhydride. 

Succinates  are  decomposed  upon  ignition ;  the  alkali  and  alkaline 
earthy  succinates  leave  a  carbonate  mixed  with  carbon. 

Most  succinates  are  soluble  in  water. 

Lead  acetate  gives  a  white  precipitate  of  neutral  lead  succinate, 
[CO— O 
-[C^H^Pb,  which  is  rendered  basic  by  treatment  with  ammonium 

tco— O 

hydroxide. 

FCjjClg  produces  from  a  solution  of  neutral  ammonium  succinate 
a  brownish  red,  voluminous  precipitate  of  basic  ferric  succinate, 
(C^HpjjFejFe^Og,  readily  soluble  in  mineral  adds.  NH^OH  renders 
the  precipitate  darker  by  withdrawing  a  quantity  of  saccinic  acid  as 
ammonium  succinate,  leaving  a  more  basic  succinate.  (This  reaction 
serves  for  the  separation  of  Mn"  from  Fe'".) 

On  boiling  the  precipitate  produced  by  ferric  chloride  from  a 
solution  of  a  succinate  or  benzoate,  with  ammonium  hydroxide, 
soluble  ammonium  salts  of  these  acids  are  obtained,  which  can  be 
separated  by  filtration  from  the  insoluble  residue.  On  the  addition 
of  alcohol  and  BaCI^  to  the  ammoniacal  solution,  a  white  precipitate 
of  barium  succinate  is  obtained,  whilst  benzoic  acid  gives  no  precipi- 
tate (distinction  between  benzoic  and  succinic  acids). 

Succinic  acid  is  insoluble  in  chloroform.  Benzoic  is  soluble. 
Magnesium  benzoate  is  also  soluble  in  alcohol,  but  the  corresponding 
succinate  is  not. 
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BENZOIC  ACID,  CgH^.CO.OH.— Is  found  in  many  gums  and 
balsams,  from  which  it  is  obtained  by  sublimation.  Heated  in  a 
tube  open  at  both  ends,  the  acid  sublimes  in  long  needles,  giving  off 
a  pleasant  smelling  but  irritating  vapour.  Heated  on  platinum  foil, 
benzoic  acid  burns  with  a  luminous,  smoky  flame. 

The  acid  is  very  slightly  soluble  in  cold  water,  200  parts  cold, 
12  parts  boiling.  It  is  readily  soluble  in  alcohol,  ether,  <kc.  Ben- 
zoates  of  tetrad  metals  are  mostly  insoluble  in  water ;  all  others  are 
soluble. 

FcgClg  gives  a  pale  yellow  precipitate  of  basic  ferric  benzoate, 
(CgH5CO,)gFej.Fe203  +  I5OH2 ;  and  ammonium  benzoate  is  employed 
sometimes  for  the  separation  of  Fe'"  from  Mn''. 

On  distilling  benzoic  acid  or  benzoates  with  lime  or  baryta, 
benzene,  CgHg,  is  obtained — 

(caoH  +  ^^^  =  ^"^^  +  ^*<^'^3, 

which  may  be  made  into  nitrobenzene  by  HNO3,  and  this  into  aniline. 
(See  "  Benzene.") 

Dilute  acids  precipitate  benzoic  acid  from  aqueous  solutions  of 
benzoates ;  dilute  nitric  acid  is  without  action  upon  the  acid  itself. 

Heated  with  concentrated  sulphuric  acid,  benzoic  acid  does  not 
blacken,  neither  does  it  evolve  SO^. 

Vapour  of  benzoic  acid  passed  over  heated  zinc  dust  in  a  tube 
gives  odour  of  bitter  almonds,  benzoic  aldehyde,  C^H^.COH.  Also 
when  a  solution  of  a  benzoate  is  acidified  with  H^SO^  and  a  piece  of 
Mg  immersed  therein  the  same  odour  is  produced. 

Benzoic  acid  is  "phenyl"  formic  acid.  CgH^  functions  in  the 
place  of  H  in  formic  acid. 

OH 
SALICYLIC  ACID,  CgH^'^p^xr,  exists  in  nature  in  combination 

with  methyl  alcohol  in  oil  of  winter-green  {Gaultheria  procumhens), 
and  in  saligenin,  contained  in  willow-bark,  &c.  It  may  also  be 
formed  by  heating  the  ortho-haloid  benzoic  acids  with  KHO. 

OgH,.Br.COOH  +  3KH0  -  CgH,(OK)COOK  +  KBr  +  2H,0. 

It  is  made  on  a  large  scale  by  Kolbe*s  reaction — that  is,  heating 
sodium  phenol  in  CO^  to  190°  C.  Phenol  distils,  and  sodium  salicy- 
late remains  in  the  retort. 

2(CgH4.0Na)  -f  CO,  =  CgH.ONaCOONa  +  CgHpH. 

Salicylic  acid  is  monobasic ;  it  dissolves  slightly  in  cold  water, 
more  easily  in  hot,  in  alcohol  and  ether.  It  melts  at  156°  C,  and 
distils  in  steam.  Its  aqueous  solution  gives  a  fine  violet  coloration 
with  Fe,Clg.  This  colour  is  destroyed  by  mineral  acids  and  by 
alkalies.  1  part  in  100,000  OH,  is  indicated  by  this  test.  It  is  a 
powerful  antiseptic. 
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On  distilling  salicylic  acid  with  excess  of  lime  phenol   is  £^j 
duced. 

C,H,gJ^2  +  CaO  =  CaC03  +  C,H,OH. 

Salicylic  acid.     Lime.      Calcium         Phenol, 
carbonate. 

AgNOj  and  lead  acetate  give  white  precipitates  with  salicyla^-fce/ 
but  not  with  the  free  acid. 

Bromine  water  added  to  solutions  of  salicylic  acid  gives  a  white 
crystalline  precipitate  of  tribromsalicylic  acid,  similarly  to  phenol. 

With  Millon's  reagent  a  similar  red  colour  is  produced  to  that 
with  phenol. 

ALCOHOL,  C.Ufi  =  C,HpH.  Specific  gravity,  0-7939  at  15-5''. 
Boiling-point,  78-4°  C.  at  normal  pressure. — Alcohol  is  a  transparent, 
colourless,  very  mobile  liquid,  which  readily  dissolves  resins,  ether?, 
fats,  essential  oils,  &c.  It  mixes  with  water  and  ether  in  all  pro- 
portions. Its  vapour  is  very  inflammable,  burning  in  the  air  with  a 
blue  flame  only  very  slightly  luminous  and  yielding  water  and 
carbon  dioxide,  and  when  mixed  with  air  explodes  by  contact  with  a 
flame  or  by  the  electric  spark. 

When  the  vapour  of  alcohol  mixed  with  air  comes  in  contact  with 
platinum  black  imperfect  combustion  takes  place,  the  metal  being 
generally  heated  to  redness  and  the  alcohol  partly  converted  into 
aldehyde,  acetic  acid,  formic  acid,  acetal,  (fee. 

Strong  nitric  acid  decomposes  alcohol.  Part  of  the  nitric  acid  forms 
nitrate  of  ethyl,  but  the  greater  part  is  reduced  to  nitrous  acid,  which 
then  forms  nitrite  of  ethyl.  At  the  same  time  many  other  compounds 
are  formed,  and  the  action  may  become  explosive  unless  the  materials 
are  pure  and  used  in  small  bulk  only. 

Strong  sulphuric  acid  mixes  with  alcohol,  producing  considerable 
evolution  of  heat,  with  formation  of  ethyl  hydrogen  sulphate. 
Potassium  and  sodium  act  upon  alcohol,  with  formation  of  ethylates 
and  evolution  of  hydrogen  ; 

2C,HpH  +  K,  =  H,  +  2C,H,0K. 

A  good  test  for  alcohol  depends  on  the  production  of  iodoform, 
although  it  is  not  the  only  substance  which  gives  this  test.  It  is 
best  performed  by  warming  the  liquid  to  be  tested,  adding  a  solution 
of  sodium  carbonate,  and  then  small  crystals  of  iodine,  until  a  slight 
brown  coloration  remains.  On  cooling  the  solution  pale  yellow 
flaky  crystals  of  CHI3  will  fall  out.  They  have  a  very  characteristic 
odour. 

Alcohol  may  be  also  very  readily  oxidised  to  aldehyde,  and  then 
to  acetic  acid,  by  any  oxidising  mixture,  such  as  potassium  dichromate 
and  sulphuric  acid,  or  potassium  permanganate.  A  liquid  containing 
alcohol  when  warmed  with  a  strong  KgMn^Og  solution  causes  a  black 
or  brown  precipitate  of  MnO^  and  potassium  acetate,  which  remains 
in  solution,  and  may  be  tested  for. 

Aldehyde,  CH3COH,  is  formed   when  alcohol  is  oxidised  with 
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potassium  dichromate  and  sulphuric  acid.  The  alcohol  should  be 
dropped  in  small  quantities  only  at  a  time  into  the  acid  mixture,  con- 
tained in  a  retoi-t  provided  with  condenser.  The  acid  mixture 
should  be  warm,  so  that  the  aldehyde  distils  over  as  fast  as  formed, 
otherwise  the  action  may  be  dangerous.  It  is  a  very  volatile  liquid, 
boiling  at  21°  C,  and  soluble  in  water,  alcohol,  and  ether.  It  absorbs 
oxygen  from  air,  and  reduces  silver  and  other  salts,  tbe  metals  being 
precipitated.  With  ammoniacal  silver  solution  it  gives  a  mirror  of 
silver. 

Methyl  alcohol,  CHjOH,  gives  CHOH,  formaldehyde,  or  "  for- 
malin,'' on  oxidation.  This  stage  of  oxidation  is  attained  when 
platinum  black  or  hot  platinum  wire  is  held  in  a  mixture  of  air  and 
methyl  alcohol  vapour.     (See  Formic  Acid.) 

ETHER,  C,Hi,0«C,H,OC,H,.  Specific  gi-avity,  0-78G  at  O*'  C— 
Pure  ether  is  a  very  mobile,  colourless  liquid,  of  penetrating  odour 
and  sweet  taste.  On  account  of  its  low  boiling-point,  85°  C,  it 
evaporates  very  rapidly  at  ordinary  temperatures,  causing  thereby  a 
great  reduction  of  temperature.  It  mixes  in  every  proportion  with 
absolute  alcohol,  but  not  with  water  ;  1  part  of  ether  requires  about 
9  parts  of  water  for  solution,  and  itself  dissolves  about  ^^  of  its 
weight  of  water.  It  dissolves  sulphur,  phosphorus,  iodine,  &c.,  and 
is  one  of  the  best  solvents  for  fats,  oils,  resins,  and  other  organic 
substances. 

Its  vapour  is  very  inflammable.  It  burns  with  a  luminous  flame. 
A  mixture  of  its  vapour  and  air  is  violently  explosive. 

By  incomplete  oxidation  or  imperfect  combustion  it  is  converted 
into  aldehyde  and  acetic  acid.  It  is  not  attacked  by  sodium  or 
potassium,  but  energetically  by  chlorine.  The  reaction  is  most 
violent  with  chlorine  and  its  vapour.     Bromine  acts  less  violently. 

Dry  ether  mixes  to  a  clear  liquid  with  sulphide  of  carbon ;  a 
slight  trace  of  water  causes  a  milkiness. 

CHLOROFORM,  CHCI3. — Is  a  colourless  liquid,  of  specific  gravity 
1*62,  boiling  at  61°  0.  It  is  soluble  in  about  200  times  its  weight 
of  water,  but  to  any  extent  in  alcohol,  ether,  CS^,  <fec.  It  is  an 
excellent  solvent  for  oils  and  fats,  resins,  &c. 

Chloroform  heated  with  Fehling's  alkali  copper  tartrate  solution 
produces  Ou,0. 

CHCI3  +  5KH0  +  2CuO  =  Cu,0  +  K,C03  +  3KC1  +  3H,0. 

Chloroform  vapour  passed  through  a  red-hot  tube  along  with 
hydrogen  liberates  HCl.  The  operation  may  be  performed  in  an 
apparatus  like  Marsh's  for  AsHj,  the  flask  being  warmed. 

Alcoholic  KHO  or  NaHO,  warmed  with  a  chloroform  solution 
to  which  a  few  drops  of  aniline  have  been  added,  gives  benzoiso- 
nitrile,    OgH^NC,  a   liquid   of   most   penetrating  and  disagreeable 

odour. 

'21 
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STARCH  (CgHjoOj).* — May  be  considered  as  an  isomeride  o1 
cellulose.  It  occurs  in  neai'ly  all  parts  of  plants.  It  is  most  abun 
dant  in  the  grain  of  cereals,  and  in  tubers  like  the  potato.  In  al" 
cases  it  exists  in  cells,  which  vary  in  size  and  shape,  depending  o] 
the  plant. 

Starch  is  insoluble  in  cold  water,  and  is  separated  from  sprain  o 
potatoes  by  trituration  and  washing  by  a  stream  of  water.    The  celV 
are  carried  away  from  the  cellular  tissue,  dec,  and  fall  as  a  whit::, 
powder  on  allowing  the  water  to  stand  for  some  time. 

The  grains  or  cells  of  starch  from  any  one  source  are  moderateX^ 
regular  in  shape  ;  those  from  cereals  are  smaller  than  from  tubera. 

On  heating  in  a  closed   tube   starch  decomposes  in  a   simiLo,^ 
manner  to  woody  fibre,  giving  off  water  and  combustible  gases,  SLXt^ 
leaving  charcoal. 

Shake  up  some  starch  with  cold  water  in  a  test-tube ;  it  does  not 
dissolve,  and  will  settle  to  the  bottom  unchanged  on  standing.    Add 
twice  its  volume  of  boiling  water,  and  shake.    The  mass  forms  a 
semi-transparent  jelly.    On  heating  to  boiling,  or  nearly  so,  appa- 
rently complete  solution  takes  place.    Add  an  alcoholic  solution  of 
iodine  or  a  solution  of  iodine  in  potassium  iodide  to  a  starch  emul- 
sion ;  a  fine  blue  colour — iodide  of  starch — is  produced.     The  colour 
varies  from  purple  to  blue.    It  is  destroyed  on  heating,  but  reappears 
on  cooling.     (See  tests  for  nitrites.) 

A  starch  solution,  when  heated  for  some  time  with  a  little  acid, 
IICl  or  H^SO^,  or  with  partially  germinated  grain  solution,  under- 
goes several  changes. 

DEXTRINE.— Dilute  a  few  c.c.  of  a  starch  solution  made  as  above, 
add  a  few  drops  of  HCl  or  H^SO^,  dilute,  and  heat  to  nearly 
boiling.  Pour  out  a  few  drops  from  time  to  time  into  an  iodine 
solution,  until  only  a  brown  coloration  is  produced.  At  this  point 
the  starch  has  been  converted  into  an  isomeride,  termed  dextrine, 
which  may  be  precipitated  in  a  flocculent  state  by  adding  alcohol  to 
the  acid  solution. 

GLUCOSE  (dextrose  or  grape-sugar). — A  dilute  solution  of  starch 
when  boiled  with  the  addition  of  a  few  drops  of  HCl  or  H^SG^,  until 
no  further  reaction  is  given  with  iodine,  becomes  converted  into 
glucose. 

C,H,„0,  +  H,0  =  C,H„0,. 

Grape-sugar  is  contained  in  many  plants  or  fruits — ^from  grapes? 
which  contain  about  14  per  cent.,  to  peaches,  with  little  more  thial 
— in  honey  along  with  laevulose,  and  in  diabetric  urine.  Dextro* 
crystallises  from  water  as  CgHj^OgOHj.  It  dissolves  in  1 J  its  own 
weight  of  water. 

All  glucoses,  when  warmed  with  an  alkaline  copper  tartrate 
solution,  cause  a  yellow  or  red  precipitate  of  Cu,0.  Cane-sugU', 
dextrine,  gum  arabic,  glycerine,  urea,  and  a  number  of  orgaDic  adds 

♦  See  Cross  and  Bevan  {C/icm.  Sor.  Jmrn,  and  separate  pqblioatioBs). 
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Glycerine  is  an  excellent  solvent  for  many  salts,  oxides,  &c,,  and 
many  organic  compounds.  The  alkali  metals  and  ammonia  combine 
with  it,  displacing  the  hydroxylic  hydrogen.  Acids  can  form 
three  kinds  of  esters,  such  as  the  mono-,  di-,  and  tri-acetate,  and 
the  corresponding  nitrates.  Nitro-glycerine  is  the  trinitrate, 
0H,(NO3)CH(NO3)CH,(NO3). 

Glycerine  decomposes  when  distilled  under  ordinary  pressure,  or 
boiled  for  some  time,  giving  off  water  and  forming  diglycerol, 
CgHj^Oj,  <kc.  It  must  therefore  be  purified  by  distillation  with 
superheated  steam. 

CELLULOSE,  {Gf^Tl^fi^j^,*  occurs  in  an  approximately  pure  state 
in  cotton,  flax,  and  wood-fibre  generally.  It  occurs  in  most  plant 
tissues,  and  may  be  considered  as  the  skeleton  or  basis  of  the  vege- 
table kingdom.  Manufactured  cotton,  linen,  paper,  &c.,  represent 
more  or  less  impure  conditions  of  this  substance. 

Although  its  chemical  composition  is  very  close  or  perhaps  iden- 
tical with  that  of  the  starches  and  some  other  carbohydrates,  it  is 
well  distinguished  by  its  insolubility  in  water  and  most  other  reagents. 
Its  microscopic  structure  varies  with  the  source,  but  its  chemical 
character  is  quite  definite.  To  isolate  cellulose  from  almost  any 
vegetable  matters  (cotton-wool  or  filter  paper),  treat  with  cold 
bromine  water  for  fifteen  minutes  and  then  boil  in  dilute  ammonium 
hydroxide.  Repeat  this  treatment  until  the  material  has  become  quite 
white  and  the  ammonia  solution  ceases  to  dissolve  anything  more. 

It  is  doubtful  if  there  be  any  simple  solvent  for  cellulose  in  the 
sense  that  water  is  for  sugar. 

Concentrated  acids,  as  H^SO^,  HNO3,  ^^^  acetic,  dissolve  it 
slightly,  under  certain  conditions  of  temperature,  forming  salts 
"With  it.  A  triacetate  of  cellulose  is  well  known,  and  gun-cotton  is 
probably  a  trinitrate.  The  ordinary  gun-cottons  or  collodion  cottons 
are  mostly,  however,  complex  mixtures  of  nitrates. 

With  powerful  bases,  as  Ba(H0)2  and  KHO,  it  seems  to  form 
salts,  acting  in  these  cases  as  the  negative  or  acid  radical  towards  the 
strong  base. 

Unlike  starch,  cellulose  is  not  turned  blue  by  iodine,  but  any 

cellulose  substance  moistened  with  a   solution  made  by  dissolving 

*qual  weights  of  zinc  chloride  and  potassium  iodide  in  strong  HCl 

(Schultz*s  reagent),  and  then  washing  the  brown  stain  with  water, 

Wmes  blue  or  purple, 

NH 
Cupramine,  Cujg-rT**  made  by  dissolving  copper  oxide  in  strong 

*ounonia  solution,  dissolves  cellulose   to  a  thick,  gummy  solution, 
•^e  fibres  are  observed  first  to  swell  considerably  before  dissolving. 
This  solution,  when  diluted  very  largely  with  water  or  an  acid, 
^oposits  cellulose  in  a  gelatinous  form. 

*  Jute,  cork,  the  mass  of  which  apples,  turnips,  &c.,  consists,  are  prob- 
,  '^Wy  modifications  from  cellulose  or  oxycelluloses.     A  good  deal  of  work  is 
"'ill  required  at  these  compounds   to    elucidate    some   clear  idea  of  their 
'Constitution. 
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of  lime  solution  to  the  oily  residue  on  the  watch-glass  a  purple 
colour  is  formed  if  aniline  be  present,  which  thus  indirectly  indicates 
benzene. 

The  action  of  nascent  hydrogen  on  nitrobenzene  may  be  repre- 
sented thus : 


C,H,NO,  +  3H,  =  2H,0  +  CgH,NH 


r 


ANILINE  is  a  colourless  liquid  boiling  at  193°  C.  Aniline  easily 
oxidises  and  becomes  then  yellowish  or  brown.  It  is  scarcely 
soluble  in  water,  but  dissolves  in  alcohol  and  ether  and  some  other 
oily  liquids.  With  all  acids  it  forms  salts,  such  as  CgH^NH^HCl, 
which  crystallise  well  and. are  all  soluble  in  water.  It  is  a  most 
chai-acteristic  *' amine  "  base,  and  behaves  very  much  like  ammonia. 
Nitrous  acid  acts  upon  it  so  as  to  produce  diazobenzene  or  phenol, 
according  to  conditions  of  temperature  and  amount  of  water  present. 

C,H,NH,HC1  +  HNO,  =  C,H,NNC1  +  2H,0,  and 
Diazobenzene  chloride. 

CgH.NNCl  +  H,0  =  C,H,OH  +  HCl  +  N,. 

Phenol. 

This  constitutes  the  "  diazo  "  reaction. 

PHENOL,  CgH..OH  (carbolic  acid),  is  the  hydrate  or  hydroxide  of 
benzene.  It  occurs  in  castor  oil,  and  in  the  urine  of  some  herbi- 
vorous animals,  but  the  practical  source  is  coal-tar  oils. 

When  pure,  phenol  consists  of  large  colourless  prisms,  which  have 
a  peculiar  odour  and  produce  a  burning  taste.  It  melts  at  42°,  and 
boils  without  decomposition  at  181*5°.  When  not  quite  pure  it  is 
slightly  coloured  red  or  brown.  Phenol  is  soluble  in  fifteen  parts  of 
cold  water,  but  much  more  readily  in  alcohol.  Its  solution  is  a 
powerful  antiseptic  and  caustic,  and  it  is  also  highly  poisonous. 

Bromine  water  added  to  a  phenol  solution  forms  tribromophenol, 
a  yellow  solid,  which  is  somewhat  insoluble,  1  part  in  60,000  of  water, 
and  therefore  precipitates.  Concentrated  nitric  acid  converts  phenol 
into  trinitrophenol  or  picric  acid.  The  action  may  become  very 
violent  even  with  quantities  of  a  few  grams.  Dilute  nitric  acid  will 
form  a  mixture  of  mono-nitrophenols.  Picric  acid  is  made  by 
the  action  of  hot  dilute  nitric  acid  on  the  phenol-sulphonic  acid, 
CgH^0HS03H  (1:4)  obtained  by  heating  equivalent  quantities  of 
phenol  and  sulphuric  acid  to  120^^-150^  C. 
C.H.OHSOjH  -1-  3HNO3  =  CgH,.0H.(N0,)3  -1-  2H;0  -*-  H,SO,. 

Picric  acid  unites  with  alkalies  and  metallic  oxides  generally  the 
picrates  formed  being  in  all  cases  explosive  when  dry.  The  acid  is 
soluble  in  alcohol ;  this  solution  dyes  silk  or  wool  yellow.  On  adding 
ammonium  hydroxide  to  a  phenol  solution,  and  then  a  hypochlorite 
or  hypobromite,  a  fine  blue  colour  is  produced. 

The  phenols  are  all  acidic  compounds,  and  combine  with  metals, 
or  metallic  hydroxides,  giving  salts,  as  C^H^OK,  commonly  called 
potassium  phenylate. 
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Ferric  chloride,  added  to  a  solution  of  phenol  in  water,  produces 
a  fine  purple  colour  (1  part  in  3000  water).  Albumen  solution  is 
coagulated  on  addition  of  phenol.  Phenol  boiled  with  Millon*s  re- 
agent (mercuric  nitrate  with  excess  of  nitric  acid)  produces  a  fine 
red  colour,  permanent  for  some  time. 

CARBON  BISULPHIDE,  CS,.  Specific  gravity,  1-263.  Boiling- 
point,  46*6  0°,  Refractive  power,  1G45. — Bisulphide  of  carbon  is  a 
colourless,  very  mobile,  highly  refracting  liquid,  having  a  peculiarly 
unpleasant  odour.  It  evaporates  quickly  at  ordinary  temperatures, 
producing  great  cold.  It  is  almost  insoluble  in  water,  but  alcohol 
and  ether  mix  with  it  in  all  proportions.  It  dissolves  sulphur,  phos- 
phorus, iodine,  caoutchouc,  oils,  and  fat,  for  which  purposes  it  is 
largely  used. 

Bisulphide  of  carbon  vapour  is  very  inflammable,  and  burns  with 
a  blue  flame,  producing  sulphur  and  carbon  dioxides.  A  mixture 
of  its  vapour  and  nitric  oxide  burns  with  a  very  bright  blue  flame, 
particularly  rich  in  chemically  active  rays. 

Dry  chlorine  converts  it  in  the  presence  of  iodine  into  tetra- 
chloride of  carbon  and  sulphochloride  of  carbon,  CSClg.  The  alkali 
oxides  gradually  dissolve  disulphide  of  carbon,  forming  a  brown 
solution  which  is  a  mixture  of  carbonate  and  sulphocarbonate  of  the 
alkali  metal : 

3CS3  -1-  3K,0  =  K3CO3  -1-  2K,CS3. 

An  aqueous  or  alcoholic  solution  of  potassium  hydroxide  to  which 
a  little  lead  salt — ^acetate — has  been  added,  boiled  with  disulphide  of 
carbon,  becomes  blackened.  This  is  a  very  delicate  test  for  sulphide 
of  carbon. 

With  triethylphosphine  it  unites  directly,  forming  a  compound, 
P(C2H5)3CS2,  which  crystallises  in  splendid  ruby-coloured  prisms, 
which  dissolve  in  ether  with  a  red  colour.  This  is  a  good  test  for 
CSj  vapour  in  other  gases. 

UREA,   COi^Tr^. — Is  the  chief  form  in  which  the  waste  nitrogen  of 

the  body  escapes  in  the  urine.  It  was  synthetised  by  Wbhler  from 
ammonium  cyanate,  NH^OON",  which  undergoes  a  molecular  change 
on  the  evaporation  of  its  solution.  It  was  previously  made  by 
J.  Davey,  but  not  fully  recognised. 

Urea  forms  colourless  crystals,  which  deliquesce  in  moist  air ; 
they  are  easily  soluble  in  water  and  alcohol,  but  scarcely  in  ether. 
It  melts  at  130°  C,  and  it  then  begins  to  decompose  into  cyanuric 
acid  and  biuret. 

Heat  a  little  urea  in  a  test-tube  until  ammonia  is  evolved,  add 
warm  water;  biuret  dissolves,  and  on  adding  a  little  CuSO^  solution, 
and  then  excess  of  NaHO,  a  violet  colour  is  produced. 

Oxalic  acid  added  to  a  solution  of  urea  gives  a  crystalline  pre- 
cipitate of  the  oxalate,  rapidly  from  strong,  after  some  time  from 
dilute,  solutions. 
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Nitric  acid,  quite  free  from  lower  oxides  of  N,  forms  urea  nitrate, 
which  is  also  crystalline  and  soluble  in  water;  very  slightly  so  in 
nitric  acid. 

Mei*curic  nitrate  precipitates  from  urea  solutions,  when  the  latter 
is  in  excess,  white  (CON,H,),(HgO)j. 

This  precipitate  is  sometimes  employed  in  the  estimation  of  urea 
quantitatively. 

Urea  heated  with  KHO  gives  ammonium  carbonate  and  then 
NH,. 

Nitrous  acid,  or  an  acid  solution  oi  a  nitrite,  decomposes  urea, 
liberating  N  and  CO,. 

CON,H,  +  2HN0,  =  2N,  +  CO,  +  30H,. 

Alkali  hypobromite  or  hypochloiite  causes  immediate  effer- 
vescence, all  the  nitrc^n  being  liberated. 

CON,H.  +  ;^.NaOBr  +  2NaHO  =  N,  +  SNaBr  +  30H,  +  Na,CO,. 
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APPENDIX  III. 

Alkaloids  form  b  ^lass  of  organic  compounds  which  act  as  bases 
combining  with  acids  to  form  salts.  Most  alkaloids  are  of  vegetable 
origin  and  contain  nitrogen  and  oxygen,  exceptions  to  the  latter 
being  found  in  the  liquid  volatile  alkaloids,  conine  apd  nicotine. 
The  exact  constitution  of  many  of  them  is  uncertain,  but  a  consider- 
able number  have  been  synthetically  prepared,  and  they  all  appear 
to  be  derivatives  of  pyridine  (CgH^N). 

The  alkaloids  generally  have  an  alkaline  reaction,  and  can 
neutralise  acids,  forming  well-defined  salts.  The  alkaloids  are 
generally  almost  insoluble  in  water  (the  liquid  ones,  conine  and 
nicotine,  forming  exceptions),  but  soluble  in  alcohol,  ether,  chloroform, 
and  other  organic  solvents. 

The  salts  are  more  soluble  in  water  than  the  alkaloids  themselves, 
but  in  many  cases  combination  with  the  base  is  so  feeble  that  water 
breaks  them  up,  setting  free  the  alkaloid.  Stronger  inorganic  bases 
(KOH,  Na^COg)  always  sets  free  the  alkaloid. 

The  solutions  of  alkaloids  exhibit  optical  activity — that  is,  they  are 
capable  of  causing  rotation  in  a  beam  of  polarised  light,  generally  in 
a  Isevo-rotatory  direction. 

The  reactions  of  the  more  common  alkaloids,  conine,  nicotine, 
morphine,  narcotine,  quinine,  cinchonine,  strychnine,  brucine,  atro- 
pine, and  cocaine  are  here  given. 

If  the  alkaloids  to  be  tested  are  mixed  with  various  foreign 
organic  matters,  they  must  first  be  separated  by  means  of  precipi- 
tation by  various  general  reagents.  The  reagents  which  either 
precipitate  all  the  alkaloids  or  most  of  them  are :  (I.)  PtCl^ ; 
(II.)  a  solution  of  iodine  in  KI ;  (III.)  potassio-mercurio  iodide; 
(IV.)  potassio-cadmium  iodide ;  (V.)  potassio-bismuthous  iodide ; 
(VI.)  phosphomolybdic  acid ;  (VII.)  phosphoantimonic  acid ; 
(VIII.)  phosphotungstic  acid ;   and  (IX.)  picric  acid. 

By  means  of  these  reagents  the  alkaloids  are  precipitated  in 
various  states,  and  suitable  methods  must  then  be  used  to  separate 
the  alkaloids  from  the  compounds  formed,  which  will  readily  be 
suggested  from  the  reactions  of  the  various  precipitants  of  the  above 
reagents.  KHO  or  NaHCOg  will,  for  example,  decompose  most  of 
the  above  compounds,   setting   free  the  alkaloid,   which   may  be 
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obtained  by  extraction  with  a  suitable  solvent  immiscible  with  water 
such  as  (chloroform,  <fec.). 

Should  no  precipitate  be  obtained  with  a  solution  of  iodine  in 
KI,  this  may  be  regarded  as  a  positive  proof  of  the  absence  of  alka- 
loids, but  a  precipitate  may  be  given  by  substances  other  than 
alkaloids. 

Both  platinic  and  auric  chlorides  unite  with  alkaloids,  or  rather 
with  their  hydrochlorides,  forming  double  salts,  very  similar  to  the 
manner  in  which  ammonium  chloride  and  chlorides  of  bases  of  the 
aniline  type,  as  CgH^NHjHCl,  unite  with  these  chlorides. 

Most  of  these  combinations  can  be  decomposed  by  SH^. 

Picric  acid  combinations  are  generally  easily  decomposed  by 
ammonia. 

Many  of  the  crystalline  precipitates  obtainable  with  the  alkaloids 
may  be  well  observed  by  carrying  out  the  test  on  a  watch-glass  or 
microscope  slide,  under  a  low  power  (one  inch)  with  the  micro- 
scope. 

Colour  Tests, — Having  ascertained  that  an  alkaloid  is  present,  its 
identification  largely  depends  on  certain  colour  reactions  with  acids 
and  other  reagents.  To  carry  out  such  tests  a  little  of  the  separated 
base  (or  salt)  ^ould  be  treated  with  a  drop  of  the  reagent  in  a  white 
porcelain  dish. 

Two  special  reagents — Frohde*s  and  Erdmann's  are  prepared 
respectively  as  follows : 

Frohde^s  reagent, —  005  grm.  of  sodium  (or  ammonium)  molybdate 
dissolved  in  1  c.c.  of  concentrated  115,804. 

JSrdmann/s  reagent, — Six  drops  of  HNO3  mixed  with  100  c.c.  of 
water,  and  ten  drops  of  this  solution  added  to  20  grms.  of  pure 
concentrated  H^SO^. 

A  summary  of  the  principal  colour  reactions  will  be  found  later. 

MORPHINE. 

The  alkaloids  may  be  divided  into  two  groups,  volatile  and  non- 
volatile. To  the  first  group  belong  only  nicotine  and  conine  amongst 
those  most  frequently  occurring.  The  second  group  may  be  divided 
into  three  sub-groups:  I.  Alkaloids  precipitated  from  solutions  of 
their  salts  by  KHO  or  NaHO,  but  soluble  in  excess  of  the  precipi- 
tant. II.  Alkaloids  precipitated  by  KHO  or  NaHO,  but  insoluble 
in  excess.  They  difier  from  the  alkaloids  of  the  third  suh-group  in 
being  thrown  down  from  acid  solutions  by  NallCOg.  III.  Alkaloids 
precipitated  by  KHO  or  NaHO,  insoluble  in  excess,  but  not  precipi- 
tated from  acid  solutions  by  NaHCOg. 

I.  Alkaloids  Precipitated  by  KHO,  Soluble  in  Excess. 

MORPHINE  (or  MORPHIA),  CiyHj.NOa. 

Morphine  occurs,  together  with  narcotine  and  several  other  less 
important  alkaloids,  in  opium,  the  dried  milky  juice  of  the  green 
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capsules  of  the  poppy  {Papaver  aamniferum).  Morphine  crystallises 
with  one  molecule  of  water,  and  usually  forms  either  brilliant  white 
needles,  rhombic  prisms,  or  a  crystalline  powder.  It  has  a  bitter 
taste,  is  almost  insoluble  in  water,  and  but  slightly  so  in  alcohol  and 
ether.  Its  best  solvent  is  amyl  alcohol.  Morphine  parts  with  its 
water  of  crystallisation  at  100**,  and  if  carefully  heated  may  be 
sublimed  without  decomposition. 

A  solution  of  morphine  hydrochloride  (hydrochlorate)  of  about 
I  per  cent,  is  employed  for  the  reactions. 

NHpH  precipitates  after  some  time  a  white  precipitate  of 
CiyHi^NOgjOH,.  The  precipitate  is  readily  soluble  in  NaHO  and 
KHO,  but  with  more  difficulty  in  ammonium  hydroxide.  It  is  also 
soluble  in  NH.Cl,  and  with  difficulty  in  (NHJjCO,. 

Acid  and  normal  alkali  carbonates  give  the  same  precipitate, 
insoluble  in  excess. 

Concentrated  HNO,  gives  with  solid  morphine  or  one  of  its  salts 
a  yellowish  red  colour,  not  altered  to  violet  by  SnCl,  or  thiosulphate. 
(Distinction  from  brucine.) 

Cold  concentrated  H^SO^  dissolves,  morphine  to  a  colourless 
solution.  If  this  solution  is  allowed  to  stand  for  twelve  hours,  and 
then  heated  to  150°  for  a  short  time,  and  after  cooling  a  drop  of 
HNO3  of  density  1*2   added   on  a  porcelain  plate,  a  coloration  is  ^ 

observed,  which  is  sometimes  violet  at  first,  changing  to  blood-red  J 

and  then  yellow. 

A  crystal  of  potassium  bichromate  added  to  the  H,SO^  solution  ^ 

gives  a  green  colour,  whereas  MnO,  gives  no  coloration.     (Distinc-  — 

tion  from  strychnine.) 

Frohde's  reagent,  or  a  molybdate  of  an  alkali  in  strong  H^O^,  ^  ^ 

added  to  morphine  or  a  dry  salt  of  morphine,  gives  a  deep  violet  ^ 

colour  at  once;  this  colour  gradually  changes  to  olive-green,  and  Jb 

then  to  a  deep  blue  on  stirring. 

If  a  small  quantity  of  morphine  be  dissolved  in  about  1  c.c.  of  ^'/ 

concentrated  HCl,  a  drop  of  strong  H^SO^  added,  and  the  mixture        ^^e 
heated  on  the  water-bath  until  the  HCl  is  driven  off,  a  purplish        .Mii 
residue  is  obtained.     This  residue  is  treated  with  a  little  HCl,  and        ^^ 
neutralised  with  a  cold  saturated  solution  of  HNaCO,,  and  then  one      ^3 
drop  of  an  alcoholic  solution  of  iodine  added — the  liquid  becomes    ^ 
emerald-green.     On  shaking  with  ether  the  substance  (apomorphine)    ^ 
is  dissolved  to  a  violet-red  solution. 

Fe^Clg  (neutral)  or  solution  of  iron  alum  gives,  with  strong  solu 

tions  of  morphine  salts,  a  dark-blue  coloration,  changed  to  green  b^ 
excess  and  destroyed  by  the  addition  of  acids  ;  large  excess  of  ferric? 
chloride  should  be  avoided. 

On  adding  a  fresh  solution  of  potassium  ferricyanide  with  Fe,CI^ 
a  blue  colour  is  produced  owing  to  reduction  of  the  ferric  salt.  (Dis- 
tinction from  cinchona  bases ;  compare  cocaine.)  , 
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IT.  Non-volatile  Alkaloids,  Precipitated  by  KHO  or  NaHO, 
Insoluble  in  Excess,  also  Precipitated  by  HNaC03,  ^^^^ 
PROM  Acid  Solutions. 

NARCOTINE,  C^H^NO,. 

Narcotine  is  found  together  with  morphine  in  opium.  It  is 
insoluble  in  water^  and  only  sparingly  soluble  in  alcohol,  ether,  and 
light  petroleum.  It  is  easily  soluble  in  benzene,  but  its  best  solvent 
is  chloroform.  Narcotine  melts  at  170".  All  narcotine  salts  possess 
axi  acid  reaction. 

Any  salt  of  narcotine  may  be  employed  for  the  reactions. 

All  alkalies,  their  carbonates  and  bicarbonates,  precipitate  narco- 
tine immediately  in  the  form  of  a  white  powder,  crystalline  as  seen 
under  the  microscope. 

Concentrated  HNO,  dissolves  narcotine  on  warming,  with 
evolution  of  nitrous  fumes,  and  forms  a  reddish  yellow  solution  ; 
on  heating  biore  strongly  more  fumes  are  given  off,  and  the  solution 
becomes  yellow. 

Concentrated  H^O^  dissolves  narcotine  with.,  a  pale  greenish 
yellow  colour,  changing  to  pure  yellow.  On  heating  in  a  porcelain 
dish,  the  solution  becomes  orange-red  and  violet-blue  at  the  edge, 
and  when  the  sulphuric  acid  begins  to  evaporate  it  assumes  a  dirty 
reddish  violet  colour. 

If  a  small  quantity  of  narcotine  be  dissolved  in  Erdmann's 
reagent,  a  brownish  colour  is  first  formed,  becoming  red. 

Frohde's  reagent  dissolves  narcotine,  forming  a  green  solution. 
If  the  solution,  however,  contains  double  the  amount  of  sodium 
molybdate,  the  green  colour  changes  to  a  magnificent  cherry- red. 

Chlorine  water  gives  a  yellow  colour,  changed  by  NH^OH  to  a 
yellowish  red  or  orange. 

If  a  solution  of  narcotine  in  strong  Hj,SO^  is  heated  until  the 
red  coloration  appears^  and  then  FCj^Clg  added,  the  portions  of  the 
liquid  in  cont-act  with  the  ferric  chloride  become  red,  with  brilliant 
violet  edges,  and  aft«r  ten  or  fifteen  minutes  a  cherry-red  coloration 
is  produced. 

If  narcotine  or  one  of  its  salts  be  dissolved  in  dilute  HjjSO^  and 
MnO,  added,  and  the  mixture  boiled,  the  alkaloid  is  oxidised  into 
opianic  acid,  cotarnine,  and  CO^.  On  filtering  and  adding  NH^OH, 
no  precipitate  is  produced. 

QUININE,  C,oH,,N,0,. 

Quinine  occurs  in  cinchona  barks,  together  with  cinchonine  and 
several  other  bases.  It  may  be  obtained  crystallised  either  anhy* 
drous  or  with  three  molecules  of  water  of  crystallisation.  In  the 
hydrated   state  it  effloresces  on   exposure  to  the  air.     Quinine  is 
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sparingly  soluble  in  cold,  but  more  readily  soluble  in  hot  water, 
but  still  more  so  in  alcohol,  ether  (distinction  from  cinchonine), 
chloroform,  and  carbon  disulphide.  Crystallised  quinine  melts  at 
57°  in  its  water  of  crystallisation,  which  it  loses  at  100°  ;  when 
anhydrous  it  melts  at  177°. 

The  neutral  salts  of  quinine  are  sparingly  soluble  in  water ;  the 
acid  salts,  however,  are  readily  soluble,  and  solutions  of  many  of 
them,  especially  the  sulphate,  exhibit  a  bluish  fluorescence.  A  solu- 
tion of  quinine  sulphate  acidulated  with  dilute  H^SO^  turns  the 
polarised  ray  strongly  to  the  left.     (Distinction  from  cinchonine.) 

The  alkalies  and  their  normal  carbonates  precipitate  quinine 
from  not  too  dilute  solutions  in  the  form  of  an  amorphous  powder, 
which  soon  becomes  crystalline,  as  seen  under  the  microscope.  If  a 
salt  of  quinine  be  precipitated  by  means  of  ammonium  hydroxide, 
ether  (containing  2  per  cent,  of  alcohol)  added,  and  the  mixture 
shaken,  the  precipitated  quinine  redissolves  in  the  ether,  and  the 
clear  liquid  forms  two  layers.  Quinine  may  be  separated  from 
cinchonine  by  this  process. 

HNaCOj  forms  a  precipitate  only  from  moderately  strong  solu- 
tions ;  the  precipitate  is  somewhat  soluble  in  excess,  and  contains 
carbonic  acid. 

Strong  HNO3  dissolves  quinine  to  a  colourless  solution,  becoming 
yellowish  on  heating.     A  nitro  derivative  is  formed. 

Concentrated  H^SO^  dissolves  quinine  and  its  salts,  forming  a 
colourless  or  faintly  yellow  solution  ;  on  heating  the  colour  changes 
to  yellow,  and  afterwards  to  brown. 

Erdmann's  reagent  only  gives  a  faint  yellow  colour. 

Chlorine  or  bromine  water  (about  one-fifth  its  volume)  added  to 
a  solution  of  a  quinine  salt  does  not  colour  the  solution,  but  on  the 
addition  of  NH^OH  in  excess  an  intense  emerald-green  colour  is 
produced  (distinction  from  cinchonine).  If  after  the  addition  of 
chlorine  water  some  solution  of  K^FeCyg  is  added,  and  then  a  few 
drops  of  NH4OH,  the  solution  acquires  a  deep  red  tint,  speedily 
changing  to  a  dirty  brown.  The  red  colour  is  destroyed  by  an  acid, 
but  may  be  reproduced  by  the  cautious  addition  of  NHpH.  This 
reaction  is  most  characteristic,  but  is  interfered  with  by  the  presence 
of  morphine. 

If  quinine  sulphate  is  dissolved  in  a  little  acetic  acid,  alcohol 
added,  and  then  sufficient  alcoholic  solution  of  iodine  to  colour  the 
liquid  brownish,  the  sulphate  of  iodoquinine  (herapathite)  separates 
out  after  a  short  time  as  a  black  crystalline  powder,  or  in  the  form 
of  plates,  which  are  beautifully  dichroic,  and  polarise  light  strongly. 
This  reaction  is  very  chai-acteristic,  and,  by  the  employment  of  the 
microscope,  very  delicate. 

CINCHONINE,  Ci,H,,N,0. 

Cinchonine  occurs  in  cinchona  bark,  together  with  quinine  and 
other  alkaloids.    It  forms  either  transparent,  brilliant  rhombic  prisms 
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or  fine  white  needles,  or,  if  precipitated  from  concentrated  solutions, 
a  loose  white  powder. 

Clnchonine  is  almost  insoluble  in  both  hot  and  cold  water.  It  is 
but  sparingly  soluble  in  cold  alcohol,  but  somewhat  soluble  on  boiling, 
from  which  solution  most  of  the  cinchonine  crystallises  on  cooling. 
It  is  almost  insoluble  in  ether  (distinction  from  quinine),  chloroform, 
and  light  petroleum,  but  dissolves  readily  in  chloroform  mixed  with 
one-fourth  or  one-third  of  its  bulk  of  alcohol. 

When  cinchonine  is  cautiously  heated  it  melts  at  165°  and  gives 
off  white  fumes,  which  condense  upon  cold  surfaces  in  the  form  of 
small  brilliant  needles,  or  as  a  loose  sublimate^  a  peculiar  aromatic 
odour  being  exhaled  at  the  same  time. 

Cinchonine  salts  are  in  general  more  soluble  than  the  correspond- 
ing quinine  compounds.  The  solutions  are  not  fluorescent,  and  turn 
the  polarised  ray  to  the  right. 

Alkalies  and  their  normal  carbonates  immediately  precipitate 
amorphous  cinchonine,  insoluble  in  excess. 

HKOOj  and  HNaOOg  give  the  same  precipitate. 

Concentrated  H^SO^  dissolves  cinchonine,  forming  a  colourless 
liquid,  which  on  warming  becomes  first  brown,  and  finally  black ;  the 
same  change  of  colour  is  noticed  on  the  addition  of  HNO3. 

Frohde's  reagent  gives  no  coloration. 

Erdmann's  reagent  gives  no  coloration. 

Chlorine  water  causes  no  changes  of  colour,  but  on  adding  NH^OH 
a  yellowish  white  precipitate  is  produced. 

If  K^FeCy,  is  added  to  a  neutral  solution  of  a  cinchonine  salt,  a 
yellowish  flocculent  precipitate  of  cinchonine  ferrocyanide  is  formed. 
On  the  addition  of  excess  of  the  precipitant,  and  on  gently  and  slowly 
heating,  the  precipitate  dissolves,  but  separates  on  cooling  in  brilliant 
gold-yellow  scales,  or  in  long  needles,  often  aggregated  in  the  shape 
of  a  fan.  With  the  aid  of  a  microscope  this  reaction  is  most  delicate 
and  characteristic. 

Quinine  and  cinchonine  may  be  separated  from  narcotine  by 
repeatedly  shaking  up  the  acidified  solution  with  chloroform ;  the 
chloroform  is  then  separated,  and  ammonia  and  ether  contain- 
ing 2  per  cent,  of  alcohol  added  to  the  aqueous  solution,  when  the 
cinchonine  separates  out,  and  the  quinine  dissolves  in  the  ether. 
The  alkaloids  may  then  be  readily  tested  by  the  reactions  given 
above. 


III.  NoN- Volatile  Alkaloids,  Precipitated  by  KHO  or  NaHO, 
Insoluble  in  Excess  ;  not  Precipitated  by  HNaOOg. 

STRYCHNINE,  C.^N^Np,. 

Strychnine  is  found,  together  with  brucine,  in  the  fruit  of  the 

'  Strychnoa  nux-vomica  and  Strychnoa  ignatii.     It  occurs  either  in 

white,  brilUant,  rhombic  prisms,  or  as  a  white  powder.     It  possesses 
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an  alkaline  reaction,  and  is  intensely  bitter.  Strychnine  is  almost 
insoluble  in  water,  absolute  alcohol,  ether,  and  light  petroleum.  It 
is  slightly  soluble  in  ether  containing  water  and  alcohol,  amyl 
alcohol  and  benzene,  but  very  readily  soluble  in  chloroform. 

Strychnine  does  not  melt  without  decomposition,  but  by  careful 
heating  small  quantities  may  be  sublimed  unchanged. 

Most  salts  of  strychnine  are  soluble  in  water  and  alcohol,  insoluble 
in  ether,  chloroform,  amyl  alcohol  and  benzene.  All  the  salts  taste 
intensely  bitter,  and  are  very  poisonous. 

KHO,  NaHO,  and  Na^COj  precipitate  strychnine  as  a  white 
crystalline  powder,  insoluble  in  excess. 

NH^OH  gives  the  same  precipitate,  soluble  in  excess;  after  a 
short  time,  however,  the  strychnine  crystallises  from  its  solution  in 
the  ammonium  hydroxide  in  the  form  of  needles.  HNaCOj  added 
to  a  neutral  solution  of  a  strychnine  salt  precipitates  the  alkaloid  in 
the  form  of  fine  needles,  insoluble  in  excess.  If,  however,  a  drop 
of  acid  be  added,  so  as  to  form  free  carbonic  acid,  the  precipitate  is 
redissolved,  although  the  solution  may  still  be  alkaline.  As  the 
liberated  carbon  dioxide  escapes  on  exposure  to  the  air,  the  strych- 
nine is  gradually  reprecipitated. 

Strong  HjjSO^,  strong  HNO3,  Frohde's  reagent  and  Erdmann's 
reagent,  all  fail  to  give  colorations  with  strychnine. 

If  strychnine  is  dissolved  in  concentrated  H^SO^,  and  then 
brought  into  contact  with  any  oxidising  agent  (such  as  KjjCrO^, 
KjjMnjOy,  KgFejjCyjjj,  PbO^,  or  MnO^),  best  in  the  solid  condition, 
the  liquid  assumes  a  magnificent  blue- violet  colour,  which  changes 
to  red  and  then  to  reddish  yellow.  The  reaction  may  be  performed 
by  precipitating  the  strychnine  as  a  chromate  by  means  of  K^CrO^, 
freeing  the  precipitate  from  moisture  as  far  as  possible,  and  treating 
it  on  a  watch-glass  with  strong  HjjSO^,  when  the  blue-violet  or  blue 
colour  is  observed. 

Ciirarine  gives  the  same  reaction  as  strychnine,  but  is  coloured 
red  by  strong  H^jSO^  alone. 

The  most  delicate  reagent  for  strychnine  is  the  green  liquid 
obtained  by  dissolving  1  part  of  K^MUj^Og  in  2000  parts  of  strong 
H^SO^,  and  adding  to  the  strychnine  solution,  but  under  these  con- 
ditions other  organic  substances  may  cause  a  similar  colour  to  be 
generated.  This  reaction  is  impaired  by  the  presence  of  chlorides, 
nitrates,  and  large  quantities  of  organic  matter,  from  which  the 
strychnine  should  be  obtained  as  free  as  possible. 

If  a  few  drops  of  a  solution  of  ammonium  vanadate  in  100  to 
200  parts  of  strong  H^SO^  be  added  to  a  little  strychnine  on  a 
watch-glass  and  allowed  to  remain  a  few  moments  until  the  mix- 
ture becomes  darker  in  colour,  and  the  watch-glass  then  slightly 
inclined,  a  magnificent  blue  colour  will  be  seen  at  the  moment  the 
vanadium  sulphate  solution  runs  off  the  residue ;  this  colour  soon 
turns  to  violet,  and  then  to  vermilion  or  reddish  yellow.  If  KHO 
or  NaHO  be  added  as  soon  as  the  red  colour  appears  permanent  a 
rose  or  purplish  red  colour  is  produced,  which  becomes  more  bril- 
liant on  dilution.     This  reaction  is  not  so  delicate  as  the  previous 
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one,  but  ha«  the  advantage   of  scarcely   being  affected  by  other 
organic  matter. 

A  little  of  the  alkaloid  dissolved  in  fuming  HNO3,  the  acid 
evaporated  off  on  a  water-bath,  and  the  residue  just  touched  with  a 
solution  of  alcoholic  KHO,  gives  a  red  coloration  (compare  atropine 
and  brudne). 

Chlorine  water  gives  a  white  precipitate,  soluble  in  ammonium 
hydroxide  to  a  colourless  liquid. 

KSON  gives  immediately  from  strong  solutions,  but  only  after 
some  time  from  dilute  solutions,  a  white  crystalline  precipitate, 
insoluble  in  excess. 

HgCl,  forms  a  white  precipitate  consisting  of  clusters  of  needles ; 
it  is  soluble  on  boiling,  but  recrystallises  on  cooling. 

Potassium  ferrocyanide  throws  down  a  white  or  yellowish  white 
precipitate — a  reaction  which  may  be  utilised  for  separating  strych- 
nine from  brucine. 


BRUCINE,  C,3H,gN,0,. 

Brucine  occurs  together  with  strychnine  in  different  kinds  of 
strychnos. 

It  crystallises  with  four  molecules  of  water  in  the  form  either 
of  right  rhombic  prisma,  clusters  of  needles,  or  a  white  crystalline 
powder. 

Brucine  is  sparingly  soluble  in  cold,  but  rather  more  so  in  hot 
water.  It  is  readily  soluble  in  alcohol,  amyl  alcohol,  and  chloroform, 
but  less  so  in  benzene,  and  almost  insoluble  in  absolute  ether.  It 
possesses  an  intensely  bitter  taste. 

When  heated,  brucine  fuses  with  loss  of  its  water  of  crystalli- 
sation, but  on  careful  heating  it  may  be  sublimed  unchanged.  Its 
solution  in  alcohol  rotates  the  polarised  i^ay  to  the  right. 

KHO,  NaHO,  and  Nn^COg  precipitate  brucine,  insoluble  in  excess. 
The  precipitate  when  first  formed  is  granular,  but  may  be  seen 
under  the  microscope  to  change  suddenly  into  needles,  with  the 
absorption  of  water. 

NH^OH  produces  a  whitish  precipitate  with  brucine  salts ;  this 
precipitate  appears  to  consist  of  minute  oily  drops,  which  gradually 
change  with  the  absorption  of  water  to  small  needles.  The  frosh 
precipitate,  before  absorption  of  water,  is  readily  soluble  in  excess ; 
but  brucine  soon  crystallises  from  the  solution  in  small  groups  of 
needles. 

Strong  HNOj  dissolves  brucine  and  its  salts  to  an  intensely  red 
solution,  which  afterwards  becomes  a  yellowish  red,  and  yellow  on 
warming.  On  the  addition  of  SnCl^,  or  colourless  NH^HS,  to  the 
solution,  and  then  heating,  an  intense  violet  colour  is  formed ;  from 
concentrated  solutions  a  violet  precipitate.  With  NallS  instead  of 
the  above  reducing  agents  the  violet  colour  afterwards  changes  to 
green. 
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Strong  HjSO^  gives  with  brucine  or  one  of  its  salts  a  pale  rose 
colour,  which  afterwards  becx)mes  yellow. 

Erdmann's  reagent  gives  the  same  colours. 

Frohde's  reagent  gives  a  red,  changing  to  reddish  orange,  fading 
rapidly. 

Ti-eated  with  fuming  HNO3,  evaporated,  and  the  residue  mois- 
tened with  alcoholic  potash,  a  greenish  colour  is  produced  (compare 
atropine  and  strychnine). 

Hg,(N03)j,  as  free  as  possible  from  acid,  gives  a  colourless  solu- 
tion which  on  heating  on  a  water- bath  gradually  assumes  a  fine 
carmine  colour.  (Distinction  from  strychnine,  which  gives  no  colour 
with  Hg.(NO,),.) 

KjCrO^  gives  a  yellowish  red  crystalline  precipitate  after  some 
time. 

Chlorine  water  added  to  a  brucine  salt  gives  a  bright  red  colour, 
changed  by  ammonium  hydroxide  to  a  yellowish  brown. 

KSCN  gives  a  granular  precipitate  from  strong  solutions  at  once, 
from  dilute  solutions  only  after  some  time. 

IlgCIg  gives  a  white  granular  precipitate. 

Potassium  ferrocyanide  only  slowly  precipitates  brucine  from 
slightly  acid  solutions  (compare  strychnine). 


ATROPINE,  CiyH^NOg. 

Atropine,  or  daturine,  is  an  alkaloid,  found  in  the  deadly  night- 
shade (A  tropa  helladonna)  and  in  the  thorn  apple  {Datura  stramionium), 
from  which  the  second  name  is  derived.  It  forms  crystalline  needles, 
which  melt  at  114-115°. 

Atropine  is  somewhat  soluble  in  cold  water,  more  readily  in  hot. 
The  solutions  are  rapidly  turned  yellow  on  exposure  to  air,  and 
acquire  a  disagreeable  odour.  The  solution  reddens  phenol  phtalein, 
which  is  essentially  different  from  the  action  of  alkaloids  derived 
from  other  families  of  plants.  Atropine  is  very  soluble  in  alcohol 
and  chloroform,  but  not  so  soluble  in  ether. 

The  salts  of  atropine  are  soluble  in  water  and  alcohol,  but  hardly 
soluble  in  ether. 

A  solution  of  the  sulphate  may  be  employed  for  the  tests. 

NH^HO  produces  a  precipitate  with  salts  of  atropine,  the  pre- 
cipitate being  soluble  in  excess. 

The  alkalies  and  their  normal  carbonates  precipitate  atropine. 

!NaHC03  produces  no  precipitate. 

HNO3  (strong)  produces  no  colour  with  atropine. 

H3SO4  (strong)  dissolves  the  salts  without  any  coloration.  On 
adding  a  drop  of  HNO3  or  a  crystal  of  KNO3  ^^  colour  is  pro- 
duced ;  but  if  a  trace  of  potassium  nitrite  is  added  a  deep  yellow  or 
orange  colour  is  obtained,  which  is  changed  to  a  fine  reddish  violet 
on  adding  a  little  alcoholic  solution  of  KOH. 

HNO3  (fuming)  added  to  atropine,  then  the  acid  evaporated  off, 
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and  alcoholic  solution  of  KOH  addeil  to  the  dry  residue,  a  very 
characteristic  violet  colour  appeai-s,  which  changes  to  red  (compare 
strychnine  and  brucine). 

The  free  alkaloid  (if  a  salt  is  under  examination  it  may  be  de- 
composed by  NH^HO,  and  the  base  obtained  by  extraction  with 
chloroform),  when  treated  with  a  2  per  cent,  solution  of  H^Cl,  in 
alcohol,  produces  a'  red  coloration.      All  other   common  alkaloids 
produce  either  no  precipitate  or  a  white  one. 
AuOlj  gives  a  yellow  crystalline  precipitate. 
I  in  KI  added  to  a  solution  acidulated  with  HCl  throws  down 
an  amorphous  precipitate  of  the  tri-iodide,  which  is  not  dissolved  by 
acetic  acid. 


COCAINE,  C,,H,,NO,. 

Cocaine  is  the  principal  alkaloid  found  in  coca  {Erythroxylon 
coca)  leaves,  and  is  employed  largely  as  a  local  anaesthetic.  It  is  a 
crystalline  substance,  forming  definite  salts  with  acids.  The  alkaloid 
is  only  slightly  soluble  in  water,  but  easily  soluble  in  alcohol,  ether, 
<kc.  The  aqueous  solution  is  strongly  alkaline.  The  hydrochloride 
and  hydrobromide  are  readily  soluble  in  water  and  may  be  used  for 
testing. 

Alkalies  and  their  carbonates  precipitate  cocaine. 

iNH^HO  also  precipitates  the  alkaloid. 

HjSO^  (strong)  gives  no  colour  with  cocaine. 

HNO3 — no  coloration. 

Erdmann's  reagent  (H^SO^  with  HNO3) — no  coloration. 

Frohde's  reagent — no  coloration. 

Iodine  in  KI  gives  a  rose-coloured  precipitate  from  very  dilute 
solutions  of  the  hydrochloride. 

PtCl^  gives  with  strong  solutions  needle-shaped  crystals  of 
star-like  form,  but  with  more  dilute  solutions  the  crystals  are  pris- 
matic. 

AuClg  gives  a  precipitate  in  even  the  most  dilute  solutions. 

These  precipitates  are  definite  compounds  of  the  type  of  ammonio 
platinum  salts,  &c. 

A  mixture  of  freshly  dissolved  potassium  ferricyanide  and  Fe^Cl^ 
gives  a  precipitate  of  Prussian  blue,  owing  to  reduction  oi  the  fenic 
salt  (compare  morphine). 

A  cold  concentrated  solution  of  sodium  nitroprusside  added  to 
a  solution  of  the  hydrochloride  precipitates  reddish-coloured  crystals. 
These  are  soluble  in  hot  water,  but  again  separate  on  cooling.  TJie 
test  is  a  good  one  to  distinguish  cocaine  from  morphine. 

Urea  and  then  strong  H^SO^  added  to  the  solid  hydrochloride,  and 
the  whole  strongly  warmed,  give  a  blue  colour.  Certain  other  organic 
nitrogen  compounds,  however,  give  a  similar  reaction. 

Uranium  nitrate  solution  containing  a  little  potassium  sulpho- 
cyanide  (thiocyanate)  gives  an  intense  yellow  precipitate  in  solutions 
containing  1  per  cent,  of  the  hydrochloride. 
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CONINE  (Propyl-Piperidine),  C,Hg(0,Hy)NH. 

Conine  is  found  in  hemlock,  and  is  one  of  the  Uquid  alkaloids,  of 
an  oily  nature,  and  having  a  powerful  and  disagreeable  odour.  It  may 
be  distilled,  but  undergoes  some  decomposition,  in  contact  with  air, 
but  unchanged  when  distilled  in  an  atmosphere  of  hydrogen.  With 
steam  or  alcohol  it  may  also  be  distilled.  It  is  colourless  when 
freshly  distilled  but  darkens  on  keeping.  It  is  opticsdly  active, 
being  dextro-rotatory, 

Conine  is  slightly  soluble  in  water,  readily  soluble  in  alcohol, 
ether,  and  to  some  extent  in  chloroform.  The  salts  are  soluble  in 
water  and  alcohol ;  hence  when  the  salts  (in  solution)  are  decom- 
posed by  adding  an  alkali,  the  conine  is  set  free,  and,  being  even  more 
insoluble  in  alkalies  than  water,  oily  drops  of  the  alkaloid  separate. 
On  shaking  with  ether  the  alkaloid  dissolves,  and  may  be  obtained 
by  evaporation  of  the  ether. 

HCl  gas  (or  vapour  in  a  vessel  rinsed  out  with  strong  HCl)  gives  a 
crystalline  coating  or  deposit  with  conine. 

HNO,  (strong)  gives  only  a  faint  red  tint. 

HjSO^  gives  no  colour  immediately,  but  the  mixture  gradually 
becomes  purple,  and  then  green. 

Br  vapour  also  forms  a  mass  of  white  crystals. 

CI  water  added  to  an  aqueous  solution  of  the  alkaloid  gives  a 
white  precipitate,  soluble  in  HCl. 

AuCl,  (with  solutions  of  the  salts)  gives  a  yellowish  white  preci- 
pitate, insoluble  in  HCl. 

PtCl^  gives  no  precipitate  (distinction  from  nicotine). 

HgCl,  in  solutions  of  the  alkaloid — a  white  amorpkous  precipitate 
(com^iare  nicotine). 

Solution  of  sodium  nitroprusside  gives  with  dilute  conine  solu- 
tions, on  standing  or  stirring,  a  red  tint,  which  changes  to  yellow. 
The  red  tint  disappears  on  warming,  but  appears  again  on  cooling. 
(Distinction  from  nicotine.) 


NICOTINE,  C,^H,,NV 

Nicotine  is  the  alkaloid  which  occurs  in  tobacco,  principally  as  the 
malaU,  It  is  a  colourless  liquid,  but  on  exposure  to  air  becomes 
brown.  It  has  a  disagreeable  pungent  odour.  Distilled  in  air, 
some  decomposition  occurs,  but  it  distUs  unchanged  in  hydrogen. 
It  is  also  volatile  with  steam  and  alcohol.  It  is  optically  active  {Jkevo- 
n^ator%f\ 

Nicotine  is  soluble  in  water,  alcohol,  ether,  Ac.  The  salts  are 
i>e^dily  soluble  in  water  and  alcohol.  On  addii]^  an  alkali  to  their 
v^tolution  the  alkaloid  separates,  and  may  be  obtained  by  dissolving 
out  with  ether* 
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HCl  (solution  in  ether)  added  to  the  above  ethereal  solution 
precipitates  the  hydrochloride  as  a  yellowish  amorphous  precipitate. 

HNO3  produces  a  reddish  coloration. 

HySO^  produces  no  change  in  the  cold. 

AuCl,,  added  to  the  alkaloid  or  salts  in  solution,  produces  a 
reddish  yellow  flocculent  precipitate. 

PtOl^,  added  to  the  alkaloid  dissolved  in  a  little  dilute  HCl,  or 
not  too  dilute  solutions  of  the  salts,  produces  a  yellowish  white 
precipitate  (distinction  from  conine). 

HgCn,,  added  to  a  solution  of  the  alkaloid,  gives  a  characteristic 
reaction,  the  precipitate  being  crystaUine  (compare  conine). 

Sodium  nitroprusside  gives  no  coloration  (distinction  from 
conine). 
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APPENDIX  V. 

Unfortunately  from  time  to  time  several  methods  of  writing  the 
formulae  of  chemical  substances  have  been  proposed  and  partly 
adopted ;  consequently  there  are  several  modes  in  use,  empirical, 
structural  or  constitutional,  and  graphic.  All  these  are  useful 
under  certain  circumstances.  Structural  formulae  are  almost  a 
necessity  when  dealing  with  so-called  organic  compounds.  And, 
further,  it  is  quite  correct  to  use  them  always  with  organic  com- 
pounds^ as  in  most  cases  they  represent  at  least  one  way  in  which 
the  organic  compound  can  be  built  up  or  synthetised.  With 
minerals  this  is  seldom  the  case ;  we  know  little  of  the  "  structure  " 
of  minerals  excepting  by  analogy.  It  is,  however,  desirable  that  we 
should,  wherever  possible,  express  in  a  formula  the  constitution  of 
the  compound,  for  that  will,  or  should,  exhibit  how  and  in  what 
manner  it  will  react  with  another  substance. 

The  formulae  used  in  this  book  are,  as  far  as  minerals  are  con- 
cerned, empirical,  showing  only  the  number  of  atoms  of  any  par- 
ticular element  united  together,  and  generally  the  leasi  possible 
number. 

By  the  adoption  of  a  somewhat  arbitrary  arrangement  most  of 
these  empirical  formulae  may  be  converted  into  a  "  structural "  one, 
in  which  one  idea,  at  any  rate,  of  the  constitution  of  the  substance 
may  be  exhibited,  and  the  same  number  of  atoms  indicated  as 
talang  a  part  by  the  purely  empirical  formulae  still  retained. 
Again,  from  these  "  structural  *'  formulae  graphic  may  be  formed, 
by  arranging  the  atoms  in  space  with  regard  to  each  other,  so  that, 
as  far  as  we  at  present  know,  the  element  in  a  compound  with  the 
greatest  **  fixing  "  or  combining  power  for  other  elements,  taking  its 
power  in  this  respect  for  hydrogen  as  unity,  is  considered  as  the 
dominating  element ;  and  its  affinities  must  be  fit«t  satisfied  before 
those  of  other  elements  come  into  play. 

This  may  be  a  correct  assumption  or  only  partially  so* 

The  ordinary  formula  for  sulphuric  acid  is  H,S04»  ^^  ^  alone 
used  in  this  book  for  simplicity.  The  action  of  peroxide  of  hydro- 
gen on  SOg  shows  that  it  may  be  considered  as  SO,(OH),.  When 
SO3  comes  in  contact  with  water,  H,0,  a  direct  union,  as  far  as  We 
can  see,  takes  place,  and  hence  the  constitution  would  be  S,OSO|, 
unless  an  internal  change  takes  place.    The  action  o|  a  metal,  in 
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presence  of  water,  on  sulphuric  acid  is  to  expel  two  hydrogen  atoms, 
which  might  point  to  its  being  HjSO^.  The  action  of  SO,  on 
PbOj  or  MnO,  results  in  the  formation  of  PbSO^,  or  MnSO,,  a 
similar  case  to  the  first  example.  The  action,  again,  of  dry  H^SO^ 
on  NaCl,  whereby  NaHSO^  and  HCl  are  formed,  points  to  the  con- 
stitution H.SOj.OH.  The  electrolytic  decomposition  may  point  to 
HjSO^,  but  the  action  is  probably  very  complex. 

Several  compounds  of  oxides  of  sulphur  with  chlorine,  with  oxides 
of  nitrogen,  or  even  with  HCl,  are  known,  and  their  method  of 
formation  points  to  the  existence  of  the  group  HO  in  the  acids  of 
sulphur,  and  also  in  most,  if  not  all,  other  so-called  oxy  acids  or 
negative  hydrates  like  nitric  or  phosphoric  acid.  The  action  of 
PCI5  and  POCI3  on  some  of  these  acids,  as  H^SO^,  also,  by  analogy 
with  the  actions  of  these  reagents  on  alcoholic  and  similar  com- 
pounds, points  to  the  existence  of  HO  in  combination. 

The  compounds  PCI,,  PCI 5,  and  POCI3  act  on  water  thus : 

PCI3  +  H,0  =  POCl  +  2HC1 ;  PCI,  +  H^O  =  POCJ3  +  2HC1,  &c. 
On  alcohol,  C,HpH,  thus : 

PCI,  +  C,H,OH  «  POCJ3  +  HCl  +  C.H^Cl. 
Also  on  acetic  acid  : 

CH3COOH  +  PCI,  =  POCI3  +  HCl  +  CH3COCI. 
Also  POCI3  on  sulphuric  acid  : 

.  It  will  Be  seen  from  this  that  great  difficulties  exist  in  ascer- 
taining the  real  structure  of  mineral  compounds  as  yet ;  but  it  does 
no  harm  whatever  to  form  a  mental  picture  of  the  possible  structure 
of  these  substances,  keeping  as  close  to  experimental  facts  as  possible. 
The  following  table  is  therefore  arranged  so  that  from  the 
probable  constitution  of  the  acid  that  of  the  salt  may  be  expressed. 

The  metallic  bases  are  distinguished  as  monad,  dyad,  triad,  tetrad, 
pentad,  and  hexad,  the  acid  representing  the  monad  combination 
being  in  the  first  column. 

Other  metals  are  represented  by  M'',  M'",  M^^,  M^,  M^^  In 
addition  to  the  normal  salts,  various  other  constitutional  formulae 
of  mixed  and  basic  compounds  are  given.  The  basicity  of  the  acid  is 
placed  in  brackets  after  its  empirical  formula. 
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From  the  above  examples,  in  which  the  structural  formulae  of 
moQo-,  di-,  tri-  and  tetra-basic  acids  are  given,  it  will  be  found  easy 
to  deduce  general  rules  for  making  structural  formulae  for  all  salts, 
especially  if  the  relative  proportion  of  the  metal  to  the  negative 
element  is  carefully  noticed. 

The  examples  are  given  only  in  the  case  of  normal  salts ;  but  it 
will  be  found  simple,  if  they  are  well  remembered,  to  construct  consti- 
tutional formulae  for  any  acid  or  basic  salt,  and  from  these  graphic 
formulae. 

Examjplea  of  Graphic  FomiiUce, 

Ferric  sulphate. 
0      0     0      0     0      0 
O  \^       %^       %^ 

II  s         s         s 

HS,0,  =  H-O-S-OH  /\      /\      /\ 


0     0    0     0    0     0 
Fe    ^ ^     Fe 


H^SiO,. 


Felspar. 
Si^Oj^K^Al,  ^ 

0  0  0 

/\         /\         /\ 

K— 0— Si— 0-Si— 0— Si— O— Si— 0— Si— O— Si— O— K 

I  I  I  I  I  I 

0  0  0  0  0  0 

^Al^^^— — ^Al^^"^ 

See  also  in  the  text  the  nucleus  group  formulae  proposed  for  some 
double  salts,  as  the  chloroplatinates  and  others. 

Many  points  in  this  connection  are  waiting  for  further  investi- 
gation. 
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It  is  most  particularly  recommended  that  all  reagents  be  made 
up  for  the  use  of  students  as  equivalent  solutions.  There  is  no 
difficulty  whatever  in  carrying  this  out,  and  the  advantage  in 
practical  teaching  is  very  great.  Approximately  equal  volumes 
of  reagent  solutions  will  then  react  completely,  or  neutralise  each 
other. 

The  tendency  is  generally  to  take  too  much  for  an  analysis,  and 
be  in  consequence  working  with  very  concentrated  solutions  and  pre- 
cipitates it  is  difficult  to  wash  properly.  An  equivalent  reagent 
solution  will  be  found  to  help  most  speedily  in  correcting  this. 

These  remarks  appeared  in  a  previous  edition.  Extended  trial 
has  further  proved  their  advantages  over  the  ordinary  uncertain, 
indeed  unknown,  solutions.  An  additional  table  is  given  after  this 
one,  slightly  modified  from  Mr.  Reddrop's  paper  in  the  Chemical 
News  (No.  1591). 

REAGENTS. 

SOLVENTS. 

Distilled  Water.*— Obtained  by  condensing  steam  by  means 
of  a  tin  worm.  The  first  portions  of  the  condensed  water  usually 
contain  carbon  di-oxide  and  ammonium  carbonate,  and  should  be 
rejected. 

Impurities. — When  evaporated  in  a  platinum  vessel,  distDled  water 
should  not  leave  a  solid  residue,  either  organic  or  mineral.  Ammo- 
nium sulphide  ought  not  to  give  a  precipitate  (Cu,  Pb,  Fe),  neither 
ought  basic  lead  acetate  to  cause  a  turbidity  (CO,,  (NHJjCOj).  No 
turbidity  or  precipitate  should  be  produced  on  the  addition  of 
ammonium  oxalate  (lime),  barium  chloride  (sulphates),  or  silver 
nitrate  (chlorides).  Pure  distilled  water  is  colourless,  inodorous,  and 
tasteless. 

Water  used  for  Nessler's  test  should  be  specially  distilled  in  a  glass 
retort  with  a  few  pieces  of  KHO  and  a  little  potassium  perman- 
ganate, and  the  distillate  rejected  as  long  as  the  Nessler  solution 
indicates  any  traces  of  ammonia. 

*  The  asterisk  marks  the  more  important,  reagents. 
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Alcohol  (Methylated  Spirit),  C,HjHO  or  KtHO. — Ordinary 
methylated  spirit  (t.^.,  ethylic  alcohol,  90  per  cent.),  may  be  employed 
for  most  purposes.  It  can  be  rendered  piuctically  absolute  by  shaking 
with  well-dried  potassium  carbonate,  and  distilling  the  clear  spirit  in 
a  flask  or  retort  from  a  water-bath. 

Impurities, — Commercial  methylated  spirit  frequently  leaves  a 
residue  on  evaporation ;  if  so,  it  should  be  rectified  by  distillation. 
It  should  be  without  action  on  litmus  papers. 

Ether.— rOrdinary  ether  (methylated,  i,e,,  prepared  from  methy- 
lated alcohol)  of  commerce  is  pure  enough.  It  should  be  kept  over 
dried  KjCOj  in  a  bottle. 

ACIDS. 

Sulphuric  Acid,*  HjSO^. — Common  oil  of  vitriol  may  be  used 
in  all  (^rations  with  which  its  usual  impurities  (lead,  arsenic,  iron, 
lime,  nitric  acid)  do  not  interfere.  Sulphuric  acid,  free  from  arsenic, 
should  be  employed  for  generating  arsenious  or  antimonious  hydride, 
and  an  acid  fi'ee  from  lead,  whenever  this  metal  has  to  be  pre- 
cipitated as  sulphate.  Sulphuiic  acid,  free  from  nitric  acid  and  nitric 
peroxide,  must  be  employed  in  testing  for  nitric  acid  by  means  of 
ferrous  sulphate. 

Impurities. — Pure  sulphuric  acid  is  colourless,  and  leaves  no 
residue  on  evaporation  in  a  porcelain  dish.  When  a  solution  of 
ferrous  sulphate  is  poured  upon  it  in  a  narrow  test-tube  it  should 
not  form  a  brown  ring  where  the  two  liquids  come  in  contact  (nitric 
acid  and  nitric  peroxide),  nor  strike  a  blue  colour  when  a  highly 
dilated  solution  of  the  acid  is  added  to  a  solution  of  pure  potassium 
iodide  and  starch  paste  (nitrous  acid).  The  presence  of  arsenic  is 
best  ascertained  by  passing  a  current  of  sulphuretted  hydrogen 
through  the  dilute  acid,  or  by  generating  hydrogen  from  zinc  free 
from  arsenic,  and  passing  the  gas  through  an  ignited  combustion 
tube  {see  Marsh's  test).  Lead  sulphate  is  frequently  found  in  sul- 
phuric acid,  and  is  precipitated  on  diluting  with  water,  as  it  is  less 
soluble  in  dilute  than  in  concentrated  acid.  Hydrochloric  acid  should 
cause  no  turbidity  (lead)  where  the  two  liquids  meet. 

The  pure  acid  can  readily  be  bought,  and  the  student  need  not 
attempt  to  purify  the  crude  acid. 

Dilute  Sulphuric  Acid.* — Prepare  by  pouring  slowly  one  part 
by  measure  of  the  concentrated  acid  (sp.  gr.  1*8)  into  five  parts  by 
measure  of  distilled  water,  with  continuous  stirring.  Thin  glass 
vessels  (beakers),  or  a  porcelain  dish,  should  be  employed,  as  much 
heat  is  evolved.  Allow  the  lead  sulphate  to  subside,  and  decant  or 
syphon  off  the  clear  liquid. 

Nitric  Acid  (Aqua  Fortis),  BTnOj. — Should  be  colourless,  and 
leave  no  residue  on  evaporation  in  a  glass  dish. 

Impurities, — Sulphuric  and  hydrochloric  acid.  Dilute  consider 
ably,  and  test  portions  with  barium  nitrate  and  silver  nitrate. 
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Dilute  Nitric  Acid.* — Prepared  by  diluting  one  part  of  pure 
commercial  acid  (sp.  gr.  1*38  to  1*45)  with  three  parts  of  distilled 
water. 

Crude  Nitric  Acid.* — May  be  employed  for  all  experiments  in 
which  the  above  impurities  do  not  interfere,  e.^.,  in  the  preparation 
of  N,0,  or  N,Oj  by  the  action  of  nitric  acid  upon  copper  or  arsenious 
anhydride. 

Concentrated  Hydrochloric  Acid,*  Muriatic  Acid,  HCl. — 
Should  be  colourless,  and  leave  no  residue  on  evaporation. 

Impuriiiea. — Ferric  chloride,  sulphurous  and  sulphuric  acids, 
arsenic.  The  dilute  acid  should  not  impart  a  blue  colour  to  a 
solution  of  KI  and  starch  paste  (CI  or  Fe,Clg). — On  adding  a  few 
drops  of  a  solution  containing  iodide  of  starch,  the  blue  colour  should 
not  be  destroyed  (SO,).  The  dilute  acid  should  remain  clear  on  the 
addition  of  a  solution  of  barium  chloride  (H^SO^).  Sulphuretted 
hydrogen,  when  passed  through  the  dilute  acid  should  not  produce 
a  precipitate  (arsenic),  nor  should  ammonium  sulphocyanate  redden 
the  diluted  acid  (iron). 

Crude  Hydrochloric  Acid.* — Should  be  employed  whenever 
the  impurities  which  it  contains  do  not  interfere  with  the  object 
in  view — as,  for  instance,  in  the  preparation  of  chlorine  from  man- 
ganic dioxide. 

AguA  Reoia  or  Nitrohydrochloric  Acid.— Prepared,  when 
required  only,  by  mixing  one  part  of  concentrated  nitric  acid  with 
three  to  four  parts  of  hydrochloric  acid. 

Sulphurous  Acid,  H^SO,. — Prepared  by  acting  with  concen- 
trated sulphuric  acid  upon  copper,  and  passing  the  gas  into  water. 
The  solution  should  be  kept  in  a  well-stoppered  bottle. 

Carbonic  Acid  Water. — A  solution  is  prepared  by  acting  with 
hydrochloric  acid  upon  marble,  and  passing  the  evolved  carbon 
dioxide  into  water. 

Chlorine  Water. — A  solution  of  chlorine  in  wate^^  is  readily 
prepared.  It  should  be  kept  in  a  well-stoppered  bottle,  and  in  a 
dark  place,  since  on  exposure  to  light  it  is  speedily  converted  into 
HCl,  with  evolution  of  oxygen.  ,  _^  - 

rcH 

Acetic  Acid,*  I  qqA^- — I^  should  leave  no  residue  on  evaporation. 

Inipuritiea, — Sulphuric  and  hydrochloric  acids,  lead,  copper,  inm, 
lime. 

Tartaric  Acid,  C^HgOg  =  T(Sb),. — A  solution  is  prepared  when 
required  only,  as  the  acid  undergoes  decomposition  in  an  aqueous 
solution. 

Impurities, — Tartaric    acid   contains    sometimasi    gypsum    and 
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calcium  tartrate,  which  are  best  tested  for  by  igniting  a  few  crystals 
OD  platinum,  extracting  the  residue,  if  any,  with  a  few  drops  of 
dilute  HCl,  and  adding  to  one  portion  BaCl,,  to  another  ammonia 
and  ammonium  oxalate. 

Oxalic  Acid,  B^Qfl^. — The  commercial  acid  is  sufficiently 
pure.  It  should  not  leave  more  than  a  trace  of  a  residue  on 
ignition. 

Impurities, — Iron,  potassium  and  sodium  oxalates,  lime. 

Htdbofluoric  Acid,  HF. — A  solution  stored  up  in  a  gutta- 
percha bottle  is  best  bought,  as  its  preparation  involves  expensive 
apparatus.  It  should  leave  no  fixed  residue  on  evaporation  to 
dryness. 

Htdrofluosilicic  Acid,  2HF,SiF^. — A  solution  of  this  acid  in 
water  is  prepared  as  described  under  silicates,  &c.  It  should  be  made 
sufficiently  strong  readily  to  precipitate  a  soluble  barium  salt. 

Impuriiies, — -Owing  to  the  mode  of  preparation  the  acid  is  often 
contaminated  with  sulphuric  acid.  It  should  not  produce  a  precipi- 
tate in  a  solution  of  a  strontium  salt. 

Htdrosulphubic  Acid,  SH,. — Prepared  when  required.  In 
well-appointed  laboratories  sulphuretted  hydrogen  is  now  usually 
stored  in  a  gasholder  over  oil,  and  supplied  like  coal  gas  from  small 
taps,  in  closets,  connected  with  the  chimney.  The  gas,  whether 
obtained  from  a  constant  generating  apparatus  or  from  a  gas- 
holder, should  invariably  be  passed  through  a  wash-bottle  containing 
water.  A  saturated  solution  of  sulphuretted  hydrogen  in  water 
answ^  most  purposes  of  the  analyst.  It  should  b^  kept  in  a  well- 
stoppered  bottle,  since  sulphuretted  hydrogen  decomposes  rapidly 
when  in  contact  with  air,  with  formation  of  sulphur  acids  and  pre- 
dpitaticn  of  white  sulphur. 

If  the  gas  be  required  entirely  free  from  AsHj,  it  should  be 
generated  by  acting  with  pure  HCl  (concentrated)  upon  native  grey 
antimony^  Sb^S,. 

BASES  AND  METALS. 

Potassium  HtDROXiDE,*  KHO,  or  Sodium  Hydroxide,  NaHO. — 
Usually  obtained  in  commerce  in  the  form  of  sticks  or  lumps. 

Impv/ritiea, — Silica,  alumina,  phosphoric,  sulphuric,  and  hydro- 
chloric acids  (sulphates  and  chlorides,  often  in  not  inconsiderable 
quantities),  and  carbonic  acid.  On  dissolving  in  water,  and  allow- 
ing the  suspended  matter  to  subside,  the  clear  solution  may  be 
gypfaoned  off. 

Pure  sodium  hydroxide  is  indispensable  for  the  separation  of 
alumina  from  the  oxides  of  iron  and  chromium. 
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Ammonium  Hydroxide,*  NH^H. — The  liqtiar  ammonii  caustki 
of  commerce  has  a  sp.  gr.  *88. 

Impurities. — A  solution  of  ammonia  should  be  colourless ;  on 
neutralising  with  pure  HCl  it  should  remain  inodorous.  When 
evaporated  in  a  glass  or  platinum  dish  it  should  not  leave  any 
residue.  Ammonia  frequently  contains  traces  of  sulphuric  and 
hydrochloric  acids,  and  sometimes  not  inconsiderable  quantities  of 
ammonium  carbonate,  when  it  will  produce  a  white  precipitate  on 
the  addition  of  lime-water,  and  sometimes  other  bases. 

Barium  Hydroxide,*  Ba(HO,). 

Impurities. — The  solution  commonly  called  baryta- water  should, 
on  precipitating  with  pure  HjSO^,  give  a  filtrate  which  leaves  no 
fixed  residue  on  evaporating  to  dryness  in  a  platinum  vessel. 

Calcium  Hydroxide,*  Oa(HO),. — Freshly  slaked  lime  in  powder 
is  used  in  qualitative  analysis,  as  well  as  a  solution  of  lime,  so-called 
lime-water.  This  is  prepared  by  dissolving  in  cold  distilled  water 
some  freshly  slaked  lime,  allowing  to  subside  in  a  stoppered  bottle, 
and  syphoning  off  the  clear  liquid  into  another  bottle. 

Ammonium  Sulphide,*  (NH4),S. — Prepared  by  saturating  three 
parts  of  ammonium  hydroxide  with  sulphuretted  hydrogen  gas, 
whereby  SHNH^  is  formed.  On  diluting  this  solution  of  hydrogen 
ammonium  sulphide  with  two  parts  of  ammonium  hydroxide,  a  sul- 
phide is  obtained  which  contains  a  little  free  ammonia.  The  con- 
centrated solution  may  be  diluted  with  ten  times  its  bulk  of  water. 
It  should  be  kept  in  well-stoppered  bottles.  Calcium  or  magnesium 
salts  should  not  be  precipitated;  nor  should  the  solution  leave  a 
residue  on  evaporation  and  ignition.  The  oxygen  of  the  air  decom- 
poses it  gradually  into  NH„  OH,,  and  yellow  ammonium  sulphide 
=  (NH,).S.. 

Yellow  Ammonium  Sulphide. — ^XJsed  for  the  solution  and  con- 
version of  SnS  into  SnS,.  It  may  be  prepared  by  digesting  the 
neutral  (NH^,S  with  flowers  of  sulphur,  and  filtering  the  liquid. 

Sodium  Sulphide,  SNa^ — Prepared  by  saturating  one  portion  of 
a  solution  of  sodium  hydroxide  with  sulphuretted  hydrogen,  and 
adding  it  to  the  second  portion.  A  little  ferrous  sulphide,  which  is 
generaJiy  precipitated,  is  filtered  off.  The  solution  must  be  kept  in 
a  well-stoppered  bottle. 

Soda-lime  and  Charcoal. — This  is  a  most  useful  reagent  for 
ammonia,  mercury,  arsenic,  cadmium,  in  the  dry  way.  Mix  two 
parts  CaO  with  one  part  NaHO  and  one  of  charoool,  moisten  with 
water  and  mix  thoroughly  into  a  paste;  place  in  a  covered  clay 
crucible,  and  dry  thoroughly  in  an  oven  ;  pound  up,  and  keep  closely 
corked  up. 
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SALTS. 

Hydrogen  Disodium  Phosphate,*  HNa,P04+12Aq. — Recrys- 
tallise  the  commercial  salt. 

Impurities. — Sulphate  and  chloride.  Ammonium  hydroxide 
should  not  cause  any  turhidity  on  warming  (alkaline  earthy  phos- 
phates). 

{CH 
rON    "*"  ^^^'     "^^  commercial  salt  gene- 
rally contains  sodium  sulphate.     If  a  pure  salt  cannot  be  procured, 
sodium  acetate  may  be  prepared  by  neutralising  pure  sodium  carbo- 
nate with  pure  acetic  acid. 

Sodium  Htpochlobite,  ClNaO.— Prepared  by  shaking  up  one 
part  of  bleaching  powder  with  ten  parts  of  water,  and  adding  a 
saturated  solution  of  commercial  Eodic  carbonate  as  long  as  a  pi*e- 
cipitate  is  produced.     Allow  to  subside,  and  syphon  oii*. 

Ammonium  Oxalate.* — Purify  the  commercial  salt  by  recrystal- 
lisation. 

Impurities. — The  salt  should  leave  no  fixed  residue  on  ignition. 
Sulphuretted  hydrogen  or  ammonium  sulphide  ought  not  to  produce 
a  turbidity  or  a  precipitate. 

Ammonium  Oabbonate.* 

Impurities. — Iron,  lead,  sulphuric  and  hydrochloric  acids.  The 
salt  should  volatilise  completely,  and  give  no  precipitate  with  barium 
chloride  or  silver  nitrate  (after  acidulating  with  hydrochloric  or  nitrin 
acid  respectively),  also  no  precipitate  with  sulphuretted  hydrogen  or 
ammonium  sulphide. 

Hydrogen  Ammonium  Carbonate,  NH^HCO,. — Obtained  in 
colourless  rhombic  prisms,  on  passing  carbonic  anhydride  to  super- 
saturation  into  a  concentrated  solution  of  ammonia.  The  salt  is 
employed  for  the  separation  of  As^Sj  from  Sb,Sj  and  SnS,.  A  satu- 
rated solution  is  prepared  when  required. 

Ammonium  Chloride.* — The  commercial  salt  (sal  ammoniac) 
usually  contains  iron.  Purify  by  adding  to  the  solution  a  little 
ammonium  hydroxide.  Allow  the  ferric  hydroxide  to  subside,  and 
neutralise  the  alkaline  filtrate  exactly  with  pure  HCl.  The  salt 
should  leave  no  fixed  residue  on  ignition. 

Ammonium  Molybdate. — This  salt  may  be  purchased.  It  is  dis- 
solved in  strong  ammonium  hydroxide  and  allowed  to  stand  for  some 
time.  A  slight  yellow  precipitate,  containing  ferric  hydroxide, 
usually  subsides.  The  clear  fluid  is  poured  into  concentrated  nitric 
acid  as  long  as  the  molybdic  acid  which  at  first  precipitates  is  entirely 
redissolved.     The  nitric  acid  solution  should  remain  colourless  on 
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boiling.  A  yellow  precipitate  indicates  contamination  with  phos- 
phoric acid,  and  the  reagent  should  not  be  used  till  it  remains  clear 
on  digestion. 

Ammonium  Sulphate. — Recrystallise  the  commercial  salt  from 
an  ammoniacal  solution  in  order  to  separate  iron.  Keep  a  saturated 
solution  for  use. 

Ammonium  Nitrate,  NH^NO,. — ^The  commercial  salt  is  recrystal- 
lised  and  dissolved,  when  required,  to  a  saturated  solution.  It  should 
leave  no  residue  when  ignited  on  platinum. 

Barium  Chloride,*  BaCl,  +  2Aq. — The  commercial  salt  is 
rarely  pure  enough,  and  not  infrequently  contains  lead.  It  should 
not  give  a  precipitate  with  sulphuretted  hydrogen  or  ammonium 
sulphide,  nor  should  a  residue  be  left  after  precipitating  the  whole 
of  the  barium  by  pure  sulphuric  acid  and  evaporating  the  filtrate 
in  a  platinum  dish.  Purify,  if  necessary,  by  passing  a  current  of 
sulphuretted  hydrogen,  filtering,  and  recrystallising. 

Barium  Nitrate,  Ba(NOj),. — Should  not  be  precipitated  by 
silver  nitrate,  as  it  is  sometimes  employed,  instead  of  barium 
chloride^  in  order  to  avoid  introducing  any  chlorine  into  a  solution. 
Pure  barium  acetate  answers  the  same  purpose.  For  other  im- 
purities, test  as  for  barium  chloride. 

Barium  Carbonate,  BaCO,. — Prepared  by  precipitation  of  pure 
barium  chloride  with  ammonium  carbonate  and  hydroxide.  Wash 
well  till  free  from  NH^Ol,  stir  up  the  precipitated  barium  carbonate 
with  water  to  a  thick,  creamy  consistency,  and  keep  it  for  use  in  a 
stoppered  bottle.     Shake  up  before  using  this  reagent. 

Calcium  Chloride,*  CaCl,  +  6Aq. — ^The  solution  should  be 
neutral  to  test-papers,  and  should  not  be  precipitated  l)y  ammonium 
sulphide  (iron). 

Calcium  Sulphate,  CaSO^. — A  saturated  solution  is  prepared  by 
repeatedly  shaking  up  gypsum  with  water,  allowing  to  subside,  and 
syphoning  off  the  clear  liquid. 

Magnesium  Sulphate. — The  commercial  salt  (MgSO^OH,  + 
6Aq.).     Recrystallise. 

Ferrous  Sulphate. — The  commercial  salt,  FeSO^  +  70H,,  is 
pure  enough. 

Ferric  Chloride,*  Fe,Clg. — Prepared  by  dissolving  freshly  pre- 
cipitated and  well  washed  Fe,(HO)e  in  pure  HCl,  keeping  the  ferric 
hydroxide  in  excess. 

Silver  Nitrate,*  AgNO,. — Prepared  either  from  silver  (pure) 
or  from  a  silver  alloy  (a  silver  coin),  by  dissolving  in  pure  nitric 
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acid,  and  precipitation  as  AgCl.  Filter  off  the  copper  salt,  and  wash 
thoroughly  with  hot  water ;  transfer  to  a  porcelain  dish,  and  intro- 
duce clean  strips  of  zinc.  Collect  the  finely  divided  silver  on  a  filter, 
wash  thoroughly  with  hot  water  acidulated  with  a  little  sulphuric 
acid,  and  dissolve  in  dilute  nitric  acid.  Evaporate  the  solution  to 
dryness,  and  fuse  the  residue  gently. 

Nesslbr's  Solution, — Dissolve  3*5  grms.  of  KI  in  10  c.c.  of 
water  ;  next  dissolve  1*6  grm.  of  HgCI,  in  30  c.c.  of  water;  add  the 
mercury  solution  gradually  and  with  continuous  agitation  to  the 
solution  of  potassium  iodide,  until  the  precipitate  ceases  to  be  redis- 
solved ;  then  add  60  c.c.  of  potassium  hydroxide  and  filter.  Keep  in 
a  small  bottle,  out  of  contact  with  ammonia  fumes. 

This  reagent  is  of  great  value  for  the  detection  of  mere  traces  of 
ammonia. 

CuPRic  Sulphate. — The  commercial  salt  (CuSO^  +  5Aq.)  is  puri- 
fied by  repeated  crystallisation. 
Impurities, — Iron,  zinc. 

Cuprous  Chloride,  'Cu'j,C1,. — Obtained  by  digesting  CuCl,  with 
metallic  copper  and  HCl. 

Stannous  Chloride,  SnCl,. — Prepared  by  boiling  pure  granu- 
lated tin  in  concentrated  HCl,  with  the  aid  of  a  piece  of  platinum 
foil.  Keep  the  filtered  solution  over  granulated  tin  in  a  small 
stoppered  bottle.     It  is  best  made  as  wanted  in  a  test-tube. 

Auric  Chloride,  AuCJj. — Prepared  by  dissolving  pure  gold  in 
aqua  regia,  evaporating  to  dryness  on  a  watei^-bath  and  dissolving 
in  water." 

Platinic  Chloride,  PtCl^. — Dissolve  some  platinum  scraps  in 
aqua  regia.  Precipitate  with  NH^Cl.  Collect  precipitate  on  a 
Swedish  filter-paper ;  wash  with  strong  alcohol ;  dry  and  ignite  in 
a  porcelain  crucible,  gently  at  first,  and  lastly  to  intense  redness. 
Redissolve  the  spongy  platinum  in  aqua  regia.  Evaporate  repeatedly 
to  dryness  on  a  water-bath,  with  addition  of  HCl.  Pure  platinic 
chloride  should  dissolve  completely  in  pure  alcohol. 

Zinc,  free  from  arsenic,  granulated,  and  in  the  form  of  strips  or 
sticks. 

Iron  (steel),  Copper,  Tin,  Lead,  Platinum  (used  in  the  form  of 
wire,  bars,  sheets,  turnings),  and  Mercury  can  be  obtained  of  sufficient 
purity  for  the  purposes  of  qualitative  analysis. 

Metallic  Lead  free  from  Silver. — Prepared  by  precipitation 
of  lead  acetate  by  metallic  zinc,  washing  with  hot  water,  then  alcohol, 
and  melting  in  a  dry  crucible. 

Plumbic  Dioxide,  PbO^. — Readily  prepared  by  digesting  red 
lead  in  boiling  dilute  nitric  acid.  The  brown  powder  is  well  washed 
by  decantation,  and  lastly  on  the  filter. 
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Manganic  Dioxide,  MnO,. — Use  the  powdered  commercial  black 
oxide. 

HYDROGEN  Peroxide,  0,H„  or  (HO),. — A  solution  may  be  pre- 
pared by  passiDg  a  current  of  carbon  dioxide  through  water  in 
which  barium  peroxide  is  suspended.  The  precipitated  barium 
carbonate  is  filtered  off.  The  commercial  article  usually  contains  a 
little  free  mineral  acid,  such  as  HOI  or  H,SO^,  added  in  order  to 
prevent  its  spontaneous  decomposition.  Hydrofluosilicic  acid  is  also 
sometimes  met  with,  used  probably  (in  excess)  to  remove  any  soluble 
barium  salt. 

Reagents  used  for  Fusions  and  for  Blowpijye  Reactions, 

Sodium  Carbonate,*  Na,00j. — Should  be  free  from  sulphate  and 
chloride. 

Fusion  Mixture,*  or  White  Flux. — Consisting  of  dry  Na^CO, 
and  K,00j,  mixed  in  the  proportion  of  their  combining  weights,  i.e., 
106  + 138,  or  in  the  proportion  of  10  to  13. 

Pure  carbonates  free  from  silica,  chlorides,  and  sulphates,  should 
be  procured,  as  their  purification  cannot  be  effected  without  using 
silver  and  platinum  vessels. 

Black  Flux, — Prepared  by  igniting  crystals  of  Rochelle  salt 
(potassio-sodium  tarti^te)  in  a  platinum  or  iron  crucible.  The 
residue  consists  of  carbon  and  alkali  carbonates. 

MiCROCOSMic  Salt,*  NH^NaPO^  +  8Aq. — The  salt  should  be 
dried,  and  used  in  the  form  of  a  powder.  On  being  heated,  in  a  loop 
of  platinum  wire  it  is  converted  into  NaPO,. 

Potassium  Cyanide,*  KCy. — Exceedingly  useful  for  reducing 
metallic  oxides  and  sulphides,  either  in  the  crucible  or  on  charcoal. 
For  blowpipe  reactions  a  mixture  of  equal  parts  of  KCy  and  Na^CO, 
(or  fusion  mixture)  is  preferable,  because  it  sinks  readily  into  the 
charcoal,  and  yields  metallic  globules  of  great  purity.  For  the 
separation  of  Ni  and  Co  the  salt  is  dissolved,  when  required, 
in  twenty  parts  of  cold  water,  as  its  aqueous  solution  is  rapidly 
decomposed. 

Potassium  Nitrate,*  KNO3. — Used  as  an  oxidising  agent.  The 
commercial  salt  should  be  purified  by  dissolving  the  crystals  in  hot 
water  to  a  saturated  solution,  and  allowing  to  cool  in  a  porcelain  dish 
with  continuous  stirring.  The  nitrate  falls  out  first  as  a  fine  white 
powder,  ^^  meal  nitre,''  and  the  impurities — e,g,,  phosphate,  sulphate, 
or  chloride — are  left  in  the  mother-liquor. 

{OCl 
Q  jr^Q. — This  salt  can  readily  be  obtained 

pure — t.e.,  free  from  chloride.     Either  by  itself  or  in  conjunction 
with  hydrochloric  acid,  it  serves  as  a  powerful  oxidising  agent. 


APPENDIX  VI.  457 

Borax*  B,Oj(NaO),  or  Na,B,Oy  +  10Aq.— The  crystals  should 
be  gently  heated  in  a  platinum  crucible  till  the  water  of  crystallisa- 
tion has  been  driven  off,  and  the  mass  kept  powdered  and  ready  for 
use  in  blowpipe  reactions. 

Htdrooen  Potassium  Sulphate,  KHSO^. — Prepared  by  heating 
in  a  platinum  dish  87  parts  of  normal  potassium  sulphate  with 
49  parts  of  pure  sulphuric  acid,  till  the  clear  mass  fuses  steadily. 
Pour  out  on  a  porcelain  slab,  and  keep  the  lumps  in  a  bottle. 

CoBALTOUS  Nitrate,  Co(N03),. — Used  in  solution  only.  Should 
be  free  from  other  metals.  It  is  best  to  dissolve  the  nitrate  in  hot 
water,  saturate  with  ammonia,  and  either  expose  to  air  or  add  a  few 
drops  of  HgO,.  After  it  has  formed  a  brown  solution,  filter,  and 
neutralise  with  nitric  acid. 


Yegetahle  ColouHng-Mattera — Test- Papers. 

LUmus  Solution, — Digest  the  small  pieces  of  commercial  litmus 
with  pure  water  until  a  strong  purple-blue  solution  is  formed,  and 
filter.  It  should  be  diluted  so  that  one  drop  of  reagent — diluted 
HCl — added  to  a  litre  will  turn  it  red,  and  a  similar  quantity  of 
NH^OH  turn  it  blue.  Litmus  paper  is  made  by  immersing  filter 
paper  in  above  solutions,  and  drying  out  of  contact  with  acid  or 
ammonia  fumes. 

Turmeric  Paper. — Prepared  by  digesting  at  a  gentle  heat  one 
part  of  turmeric  root  with  six  parts  of  alcohol.  Filter  and  soak 
strips  of  porous  paper  with  the  yellow  extract.  The  dried  papers 
should  exhibit  a  fine  yellow  tint.  Like  litmus  papers,  they  serve  for 
the  detection  of  free  alkalies.  All  test-papers  should  be  kept  in  well- 
stoppered  bottles  or  wooden  boxes. 

Indigo  Solution. — Prepared  by  gradually  stirring  four  to  six  parts 
of  fuming  sulphuric  acid  into  one  part  of  finely  divided  indigo,  and 
allowing  the  mixture  to  stand  for  forty-eight  hours  before  pouring 
into  it  twenty  parts  of  water.  Filter,  and  keep  for  use  in  a  dark 
place.  The  solution  of  indigo  is  used  for  detecting  nitric  acid,  chloric 
aeid,  and  free  chlorine,  owing  to  the  formation  of  products  of  oxida- 
tion of  a  yellow  colour. 

A  considerable  number  of  organic  substances  have  been  proposed 
as  colour  reagents  in  the  same  sense  as  litmus — that  is,  for  distin- 
guishing the  point  where  acidity  ends  or  where  alkalinity  begins. 

Some  of  these  are  mentioned  in  the  Appendix  on  Volumetric 
Analysis. 
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T*    —  ■■?■-  „  t  f>-^  * 

Equivalent  Syste 

Name  of  Reagent. 

Symbol. 

Molecular 
weight. 

Equivalent 
weight. 

Gnns. 
per  litre. 

Strenj 

Sulphuric  Acid 

H^O, 

98 

49 

— 

36: 

»»           .          .          • 

♦♦ 

•     " 

49 

N 

Nitric  Acid     . 

HNO:, 

63 

63 

— 

2^^ 

^j 

>» 

— 

ic 

»»              ... 

»• 

»» 

»» 

— 

s:i 

f) 

,, 

63 

> 

Hydrochloric  Acid  . 

HCl 

36-5 

36-5 

— 

lOJ 

»»                  •          • 

» 

>» 

»» 

— 

5^ 

,, 

36.5 

IV 

Sulphurous  Acid 

KjSO, 

82 

41 

^N 

Carbonic  Acid 

HjCOj 

62 

31 

— 

N 

To' 

Acetic  Acid    . 

HCAO, 

60 

60 

17N 

»»            ... 

»» 

»» 

»» 

— 

5N 

♦»            ... 

9t 

f» 

„ 

60 

iV 

Tartaric  Acid 

H,C,HA 

150 

75 

— 

5N 

»»           ... 

»» 

»» 

»» 

75 

N 

Citric  Acid 

H3C8H5O7 

192 

64 

— 

5N 

»t               ... 

»» 

>> 

>> 

64 

N 

Oxalic  Acid    . 

H,G.O, 

90 

45 

— 

3N 
2 

Hydrofluoric  Acid   . 

HF 

20 

20 

_      i  12N? 

Hydrofluosilicic  Acid 

ttjSiFe 

t9 

144 

72 

—      1 

N 

Hydrogen  Sulphide . 

H.^ 

34 

17 

— 

N 

4  ' 

Chlorine  Water 

CI, 

71 

35-5 

1 

N 
5  ■ 

Bromine 

Br, 

160 

80 

-   j 

37N 

Bromine  Water 

»» 

»» 

„ 

— 

N 

2 

Hydrogen  Peroxide. 

H,0, 

34 

17 



4N- 

»»                 •         • 

>) 

9* 



2N- 

Potassium  Hydroxide 

KHO 

56 

56 

—      1 

'5N 

»» 

tt 

»» 

)» 

56      , 

'N 

Sodium  Hydroxide  . 

NaHO 

40 

40 

1 

5N 

»»                 •          • 

»» 

,, 

»» 

40      ; 

N 

Ammonium  Hydroxide 

NH.OH 

35 

35 

-      i 

20N- 

»»                          • 

>> 

99 

»» 

oN 

»> 

»» 

»» 

»» 

35 

N 

Barium  Oxide 

BaO 

153 

76-5 

- 

N 

3 

Calcium  Oxide 

CaO 

56 

28 

— 

Ammonium  Sulphide 

(NH,).,S 

68 

34 

5N 

»»                        • 

f> 

>f 

t» 

34 

N 
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Symbol  of 

Substance 

taken. 


Method  of  Preparing  Reagent. 


H2C4H4O8 
H,C!eH507,Aq 


Sulphuric  acid,  sp.  gr.  1*8427  at  16-6°  C. 

Sulphuric  acid  diluted  to  sp.  gr.  1*1527  at  15*5°. 

200  co!  of  5  N  sulphuric  acid  diluted  to  1  litre. 

Nitric  acid  sp.  gr.  1*50. 

Nitric  acid  sp.  gr.  1*4268  at  16*6°  C. 

Nitric  acid  diluted  to  sp.  gr.  I  1666  at  15*6°  C. 

280  c.c.^of  5  N  nitric  acid  diluted  to  I  litre. 

Hydrochloric  acid  sp.  gr.  11611  at  16*5°  C. 

Hydrochloric  acid  diluted  to  sp.  kt.  10843  at  16*5°  C. 

200  c.c.  of  5  N  hydrochloric  acid  diluted  to  I  litre. 

Water  at  15*5°  C.  saturated  with  sulphur  dioxide  (sp.  gr. 

1-052). 
Water  at  15*5°  C.  saturated  with  carbon  dioxide. 

Acetic  acid  solid  at  10°  C. 

294  c.c.  of  17  N  acetic  acid  diluted  to  I  litre. 

200  c.c.  of  5  N  acetic  acid  diluted  to  I  litre. 

375  grms.  dissolved  and  diluted  to  I  litre. 

75  „  „  „ 

350 

70 


94*5  ,,  „  ,, 

Hydrofluoric  acid,  sp.  gr.  1*15  ? 


KHO 
NaHO 


iKj02,8Aq 


Water  at  15*5°  C.  saturated  with  hydrogen  sulphide. 

Water  at  15*5°  C.  saturated  with  chlorine. 

Pure  liquid  bromine. 

Water  at  15*5°  C.  saturated  with  bromine. 

Hydrogen  peroxide,  20  volume  solution. 

10 
280  grms.  dissolved  and  diluted  to  I  litre. 
56  „  „  „ 

200 
40 

Ammonium  hydroxide  sp.  gr.  0*880  (liquor  ammonia). 
Ammonium  hydroxide  diluted  to  sp.  gr.  0*9643  at  15*5° 
200  cc.  of  5  N  ammonium  hydroxide  diluted  to  1  litre. 


52*5  grms.  dissolved  and  diluted  to  1  litre. 


:^^ 


Water  at  15*5°  C.  saturated  with  calcium  hydroxide. 


Saturate  600  c.c.  of  5N  ammonium  hydroxide  with  HgS  in 
a  corked  flask,  and  then  add  400  c.c.  of  5N  ammonium 
hydroxide. 

200  c.c.  of  5N  ammonium  sulphide  diluted  to  1  litre. 
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Name  of  Reagent. 


Sodium  Sulphide 


Potassium  Cyanide  . 
Potassium  Sulphate 
Potassium  Iodide     . 


Potassium  Chromate 

Potassium  Metantimoniate 

Potassium  Ferrocyanide 
Potassium  Ferricyanide 
Potassium  Sulphocyanate 
Sodium  Carbonate  . 

»»  • 

Hydrogen  Disodium  Phos- 
phate 

Sodium  Acetate 
Sodium  Sulphite 

Sodium  Thiosulphate 

Sodium  Hypochlorite 
Ammonium  Acetate 


Ammonium  Oxalate 

Hydrogen    Di-ammonium 
Phosphate  . 

Ammonium  Carbonate 


Hydrogen  Ammonium  Car- 
bonate 

Ammonium  Chloride 

»♦ 
Ammonium  Sulphate 
Barium  Chloride 

Barium  Nitrate 

Barium  Carbonate  . 

Strontium  Sulphate 

Calcium  Chloride 


Na.;S 
KCy 

K,CrO, 
KSbOg 
K4FeCye 

\"§^"^ 

NaaCOs 
>» 

HNa-^PO^ 

NaGjHsO.^ 
N&jSOs 

NagSaOj 

NaaO 
NH4G2H3O.2 

(NH4),C,04 

H(NH4)2P04 

(NH4)2C03 

»> 

H(NH4)C03 

NH4CI 

(NHr)3S04 
BaCLj 

BaN^Oe 

BaCOa 

SrS04 

CaCLj 


Molecular  '  Equivalent 
wei^t.    I     wei^t. 


Equivalent  S] 


Grms. 
per  litre. 


St 


78 


65 
174 
166 


194-6 

209 

368 

658 

97 

106 

»» 

142 

82 
126 

158 

74-5 

77 


124 

32 

96 

»» 

79 

53-5 

132 
208 

261 

197 

183-6 

HI 


39 


65 
87 
166 


97-26 

209 

92 

109-7 

97 

53 

»» 

47-3 

82 
63 

79 

74-6 

77 


62 


66 
87 
166 


97-25 

307 

92 

109-7 

97 

53 

47-3 


79 

77 
37-2 


2N 
3 

4 

2 

N 
2 


44 

44 

48 

— 

»» 

48 

39-5 

— 

53-5 

»» 
66 
104 

53-5 
66 
104 

130-5 

65-25 

98-5 

— 

91-75 

0153 

66-6 

65-6 

3: 

2 
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mbolof 
ibstaroe 
taken. 


Method  of  Preparing  Reagent. 


KCy 


RjCr04 
.Sb,0e,7Aq 
4FeCyrt,3Aq 

"^©'^ 

KC03,10Aq 

tNa.iP04,12Aq 

IiGA0.^3Aq 
Na,803,7Aq 


Dissolve  200  grms.  of  sodium  hydrate  in  800  c.c.  water, 
saturate  one-half  with  K^S,  then  add  the  other  half  and 
dilute  to  1  litre. 

200  c.c.  of  5N  sodium  sulphide  diluted  to  1  litre. 

65  grms.  crjrstals  dissolved  and  diluted  to  1  litre. 

87  grms.  dissolved  and  diluted  to  1  litre. 

166 

So'2  tf  ,f  if 

97-25 

Saturated  solution  at  15*5°  C. 

105*5  grms.  dissolved  and  diluted  to  1  litre. 
109-7 

y<  »»  »»  »» 

429 
143 

lltf'O  „  y,  t, 

544 

252  y,  tt  99 

1^  »»  >»  » 


•^AINHJ, 


294  c.c.  of  17N  acetic  acid,  neutralised  with  strong  ammo- 
nium hydroxide  and  diluted  to  1  litre. 
200  c.c.  of  5N  ammonium  acetate  diluted  to  1  litre. 

42*6  grms.  dissolved  and  diluted  to  1  litre. 


B(NH,),PO, 


BaCOj 


^^  >»  ♦>  •»» 

196*7  grms.  of  ammonium  sesquicarbonate  dissolved  in  333*3 
c.c.  of  5N  ammonium  hydroxide  and  diluted  to  1  litre. 

200  c.c.  of  5N  ammonium  carbonate  solution  diluted  to  1 
litre. 

A  saturated  solution  made  by  passing  excess  of  carbon 
dioxide  into  3N  ammonium  hydroxide. 

267*5  grms.  dissolved  and  diluted  to  1  litre. 

53*5  „  „  „ 

68 

122 

65*25  „  „  „ 

197  grms.,  freshly  precipitated,   suspended  in   water,  and 

diluted  to  1  litre. 
Water  at  15*5°  C.  saturated  with  precipitated  strontium 

sulphate. 
109*5  grms.  dissolved  and  diluted  to  1  litre. 
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SymboL 

Molecular 
weight. 

Equivalent 
weight 

Equivalent  System. 

Name  of  Reagent. 

Grms. 
perUtre. 

Strength. 

Calcium  Sulphate     . 

CaSO^ 

136 

68 

2-27 

N 
30 

Magnesium  Chloride 
Magnesium  Sulphate 
Ferrous  Sulphate     . 
Ferric  Chloride 

Mga^ 

MgSO^ 
FeSOj 
•Fe,Cle 

96 
120 
152 
325 

47-5 

60 

76 
54-17 

47-5 

60 

76 
54-17 

N 
N 
N 
N 

Plumbic  Acetate 
Plumbic  Nitrate 
Silver  Nitrate 

>» 

PbC4He04 
Pbl^e   . 
AgNOj 

♦» 

325 
331 

170 

»» 

162-5 

165-5 

170 

162-5 

166-5 

170 

N 
N 
N 

N 

Silver  Sulphate 

Ag^O^ 

312 

156 

7-8 

6 

N 
20 

Mercurous  Nitrate   . 

Hg^,0, 

524 

262 

5-24  + 

.  h 

Mercuric  Chloride     . 

HgCla 

271 

135-5 

64-2 

2N 
5 

Cupric  Sulphate 
Cupric  Chloride 
Stannous  Chloride    . 

CUSO4 
CuCla 
SnCLj 

159-5 

134-5 

189 

79-75 
67-25 
94-5 

79-75 
67-25 
94-5  + 

N 

N 

N  + 

Auric  Chloride 

AuCls 

3031 

101 

20-2 

N 
5 

Platinic  Chloride 

pta4 

339  1 

84-8 

84-8 

N 

Magnesia    Mixture     (for 
Phosphoric  Acid). 

—  ■ 

— 

— 

N 

p.-.*  ..r. 


Symbol  of 

Substance 

taken. 


Ci804,2Aq 

MgCJ^SAq 
ll«S0„7Aq 
feS04,7Aq 

FbC.BLO.,3Aq 

PbNaOe 

AgNO, 


Ag2SQ4 


HgjN20e.2Aq 


HgO, 

CiiS04,5Aq 
CaC^2Aq 
SiiGl2»2Aq 
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Water  at  15*5°  C.  saturated  with  precipitated  calcium  sul- 
phate. 

101*5  grms.  dissolved  and  diluted  to  1  litre. 

123 

139  „  „  „ 

8*67  grms.  of  iron,  as  FeoH^Og,  dissolved  in  200  c.c.  of  5N 
hydrochloric  acid  and  diluted  to  1  litre. 

189*5  grms.  dissolved  and  diluted  to  1  litre. 

165*5  „  „  „ 

170 

"^  »»  »»  >» 

Water    at    15*5°    C.    saturated    with   freshly  precipitated 
I  argentic  sulphate. 

56  grms.  dissolved  in  40  c.c.  5N  nitric  acid  and  diluted  to 
1  litre,  a  little  mercury  being  placed  in  bottle. 

54*2  grms.  dissolved  and  diluted  to  1  litre. 

124*75 

85*25 

1 12*5  grms.  dissolved  in  200  c.c.  of  5N  hydrochloric  acid  and 

dnuted  to  1  litre,  a  little  tin  being  placed  in  bottle. 
13*1  grms.  of  metallic  gold,  converted  into  auric  chloride, 

(ussolved,  and  diluted  to  1  litre. 
49*3  grms.   of  metallic  platinum,  converted  into  platinic 

chloride,  dissolved,  and  diluted  to  1  litre. 
Dissolve  68  grms.  MgCl2,6Aq  in  about  500  c.c.  of  water,  add 

165   grms.   NH4CI,   then  300  c.c.   of    5N  ammonium 

hydroxide,  and  dilute  to  1  litre. 


464 


A  COURSE  OF  PRACTICAL  CHEMISTRY. 


COMPARISON  OF  METRIC  AND  BRITISH  UNITS. 


Metric  to  British. 


British  to  Metric. 


1  gram 
1  gram 
1kg. 
1kg. 
1  Tonne 


WEIGHT. 


15*432  grains 
0  035274  oz. 
2*2046  lbs. 
0019684  cwts. 
0*98421  tons 


1  grain 
1  oz. 
lib. 
1  cwt. 
1  ton 


0*064799  grams 
28*349  grams 

0*45359  kg. 
50*802  kjr. 

1-0160  Tonne 


1  Meter 
1  Meter 
1  cm. 


LENGTH. 


1*0936  yards. 
3*2809  feet. 
0*39371  in. 


1  yard 
1  foot 
1  inch 


0*91438  Meters 
0  30479  Meters 
2*5400  cm. 


1  sq.  cm. 
1  sq.  M. 


AREA. 


0*15501  sq.  in. 
10*764  sq.  ft. 


1  sq.  in. 
1  sq.  ft. 


6*4514  sq.  cm. 
0*092900  sq.  M. 


1  c.c. 
1  c.M. 
1  litre 


VOLUME. 


0*061027  c.  in. 
35-317  eft. 
1-7608  pints 


1  c. in. 
1  c.  ft. 
1  pint 


16*386  c.c. 
0028315  c.  M. 
0*56793  litres 


PRESSURE. 


1  atmos. 
1  atmos. 
1  kg.  sq.  cm. 
1  kg.  sq.  cm. 
1  kg.  sq.  cm. 


0  00656  tons  sq.  in. 
14*7  lbs.  sq.  in. 

0*968  atmos. 
14*223  lbs.  sq.  in. 

00063493  tons  sq.  in. 


1  ton  sq.  in. 
1  lb.  sq.  it. 
1  atmos. 
1  lb.  sq.  in. 
1  ton  sq.  in. 


152  atmos. 

0-6080  atmos. 

1  '03  kg.  sq.  cm. 

0-070309  kg.  sq.  cm. 
157*49  kg.  sq.  cm. 


1  M.  Tonne 
1  M.  kg. 
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3*2291  foot  tons. 
7-2331  foot  lbs. 


1  foot  ton 
1  foot  lb.s. 


0*30969  M.  Tonne 
0*13825  M.  kg. 


ADDENDUM 


HYDROGEN  DIOXIDE  oi  PEROXIDE,  HA— This  substance  is 
formed  when  some  metallic  peroxides,  as  BaO^,  PbO^  (see  p,  20)  are 
treated  with  acids.  Thus  B  lO,  +  H^SO^  =  BaSO,  +  H^O^.  The  con- 
ditions are  that  the  acids  be  dilute  and  temperature  low,  otherwise 
the  reaction  becomes  2BaO,  +  2H,S0,  =  2H,U  +  2BaS0,  +  0,.  After 
separation  of  the  insoluble  barium  sulphate  the  hydrogen  dioxide  can 
be  concentrated  by  freezing  the  weak  aqueous  solution.  Much  water 
separates  as  ice,  and  the  dioxide  can  then  be  further  concentrated  by 
evaporating  under  reduced  prassure  and  over  sulphuric  acid. 

When  pure  it  forms  a  colourless  and  slightly  viscous  liquid  of 
relative  weight  1*46.  It  is  easily  decomposed  on  contact  with  many 
substances,  and  on  heating,  and  is  always  employed  in  a  more  or  less 
dilute  aqueous  solution.  It  is  industrially  employed  for  bleaching 
hair,  feathers,  silk,  &c.  On  contact  with  metallic  peroxides,  as  MnO^, 
or  alkali  permanganate,  it  evolves  oxygen.  The  reaction  with  the  latter 
is  K,Mn,03  +  :3H,S0,  +  5HA  =  K,SO,  +  2MnS0,  +  8H,0  +  50, 
(characteristic).  Potassium  iodide  and  starch  paste  to  which  ferrous 
sulphate  has  been  added  becomes  coloured  blue  by  H^O,. 

A  very  dilute  acid  solution  of  potassium  bichromate  forms  a 
deep  blue  coloured  compound  with  traces  of  H^O,.  The  blue  sub- 
stance dissolves  in  ether.  A  solution  of  titanium  sulphate  forms 
with  HgO,  an  orange-red  coloration. 

It  is  possible  that  in  a  number  of  oxidation  processes  H^O,  is 
formed  in  small  amount,  and  then  conveys  some  oxygen  to  the 
substance  undergoing  oxidation,  a  further  quantity  of  H^jO,  being 
formed,  and  so  on. 

A  small  quantity  is  formed  sometimes  in  the  electrolysis  of 
acidified  water,  and  some  can  also  be  found  in  the  products  of  com- 
bustion of  hydrogen,  especially  when  this  gas  is  burnt  at  a  very  small 
jet. 


:)0 


INDEX 


PA«JK 

Acids,   inorganic,   reactions    of 

Acetates,  reactions  of     . 

.    409 

{cont.)— 

Acetic  acid 

.     408 

Nitric 

260 

„          distinction  from  for-             | 

Nitrous         .... 

262 

mic  acid 

.     409 

Perchloric    .... 

270 

„          separation  of, 

from 

Persulphuric 

253 

its    next    higher             | 

Phosphoric  .... 

283 

homologues 

.     410 

Phosphorous 

286 

Acetic  ester 

.     422 

Prussic         ,        .        .         . 

292 

Acetone     .... 

408,418 

Pyrophosphoric  . 

286 

Acid,  acetic 

.     408 

Selenic         .... 

402 

„          „        homologues  of      .     410 

Silicic 

287 

„          „       separation  of 

.     410 

Sulphuric    .... 

250 

„      benzoic     . 

.     415 

Sulphurous  .... 

253 

,,      carbolic    . 

.     422 

Thiocyanic  .... 

304 

„      citric 

.     413 

Thiosulphuric 

255 

,,      cyanic 

.     304 

Thiosulphurous  . 

255 

,,      ethylene  dicarboxyli 

c       .     415 

Agate 

288 

formic 

.     406 

Air,  atmospheric 

10 

,,      oxalic 

.     410 

Alabaster 

136 

,,      salicylic  . 

.     414 

Albite 

124 

.,      succinic    . 

.     414 

Albumen,    a   reagent  for  phos- 

„     tartaric    . 

.     413 

phoric  acids   .... 

286 

Acids,  examination  for 

.     332 

Alcohol,  methylic 

418 

„       organic    . 

.     406 

Aldehyde  

417 

, ,        preliminary  examin 

ation 

Alkali  metals,  group  of      . 

120 

333-35 

„         „        rare     . 

356 

Acids,  inorganic,  reactions 

of- 

Alkaline  earthy  metals 

132 

Arsenic 

.     209 

Alkalis,  detection  of,  in  alumin- 

Arsenious   . 

.     207 

ous  minerals 

173 

Boric    . 

.     291 

„     detection  of,  in  silicates 

290 

Bromic 

.     274 

Alkaloids 

434 

Carbonic 

.     248 

,.         colour  reactions  of 

438 

Chloric 

.     268 

Alloy,  definition  of    . 

9 

Cyanic 

.     304 

Alternative  formulae .         .        444-47 

Hydriodic    . 

.     275 

Alum,  chrome    .... 

167 

Hydrobromic 

.     271 

,,      common .         .         .        172-78 

Hydrochloric 

.     265 

Aluminic  silicate 

173 

Hydrocobalticyanic 

.     303 

Aluminium         .... 

171 

Hydrocyanic 

.     292 

„          alloys  of  . 

171 

Hydroferricyanic 

.     302 

,,          estimation 

74 

Hydroferrocyanic 

.     300 

„          minerals,  decomposi- 

Hydrofluoric 

.     279 

tion  of  . 

173 

Hydrofluosilicic  . 

.     282 

„          reactions  of      . 

171 

Hypochlorous      . 

.     270 

Amalgamation  of  ores 

182 

Hypophosphorous 

.     287 

Amalgams          .... 

183 

Metaphosphoric  . 

.     286 

Amber 

414 

4^8 


INDEX. 


PAGE 

PAGE 

Aoiblygonite     .... 

358    1 

Argyrodite          .... 

402 

Amine  base        .... 

422    ! 

Arsenates 

205 

Ammonia,  sources  of 

125    : 

Arsenic        .... 

204 

Ammonium,  Nessler's   test    for 

1 

acid       .... 

209 

traces  of    . 

127 

„        electrolytic  test, 

„            nitrite  reaction 

128 

Thorpe's  apparatus  . 

217 

„            reactions  of  . 

126 

„        minerals  of   . 

204 

Ammonium  salts,  decomposition 

„        reactions  of  . 

205 

of      . 

127 

„        salts      .... 

209 

„            ,,       estimation     . 

76 

separation    from   anti- 

„           „       experiments . 

126 

mony  in  Marsh's  test 

215 

„             „       reactions  of   . 

127 

Arsenical  nickel 

204 

,,            ,,       volatility  of  . 

127 

,,         pyrites 

204 

Ammonium  sulphide  group 

139 

Arsenides   .... 

204-5 

Analysis  by  electrolysis     . 

108 

Arseiiio-molybdate     . 

209 

of  air    . 

21 

Arsenious  acid   . 

207 

,,        qualitative  tables 

323 

,,         and     arsenic     anhy 

„        quantitative 

54 

drides,   distinctior 

„         volumetric   . 

81 

between 

.     209 

Analytical  classification  of  the 

„          hydride 

.     212 

metals 

121 

„                „      detection  of 

.     212 

Anatase 

374 

Ash,  in  filters      . 

65 

Anhydrite 

136 

Assay  lead 

.     227 

Aniline 

422 

Atomic  weight  . 

.       27 

Antichlor 

143 

Avogadro's  law  . 

.       46 

Antimonious  compounds   . 

202 

Azurite        .... 

.     187 

Antimonic              ,,             .         . 

204 

Antimony 

200 

B 

„        alloys  of     .         .         . 

200 

„        glance 

34 

Balance    .... 

6 

nickel 

34 

Barium        .... 

.     133 

,,        reactions  of 

201 

,,      experiments   . 

.     133 

„         separation    from    ar- 

„     reactions  of     .         .       133-34 

senic  and  tin  . 

223 

,,      separation   from   stron- 

Apatite      ....      136-283 

tium 

.     137 

Apparatus,  diffusion  . 

12 

„       spectrum  of    . 

.     133 

„           distillation 

11 

Baryto-calcite    . 

.     133 

Marsh 

212 

Bell  metal  ore  (tin  pyrites) 

.     196 

„            molecular      weight, 

Benzene      .... 

.     421 

melting  and  boil- 

Benzoic acid 

.     415 

ing  methods 

116 

„          ,,     distinction     from 

„           Thorpe,  for  arsenic 

217 

succinic  acid 

.     414 

„           vapour  density 

114 

Beryl            .... 

.     360 

Appendix  I.  (Rare  Elements)  354  405 

Beryllium    .... 

.     360 

II.  (Organic  Acids)    406^25 

Bismuth      .... 

.     185 

„      III.  (AlkHloids^)       .      426-88 

,,        glance . 

.     185 

„      IV.  (Solubility  of  Salts) 

,,        ochre   . 

.     185 

439-43 

„        reactions  of 

.     186 

V.  (FormulfB)      .       444-47 

Black  band 

.     157 

„      VI.  (Reagents  and  Bqu 

i- 

„      flux  .... 

.     414 

valent  Solutions) 

„      Jack 

.     153 

448-63 

„      oxide  of  manganese 

.     149 

Aragonite  .... 

136 

Bleaching  powder 

.     271 

Arbor  Diana; 

229 

Blende        .... 

.     153 

„      Saturni    . 

233 

Blue  copper,  or  indigo  copper  162,301 

Argentic  salts     . 

228 

„     Prussian      .         .         .     162,  301 

Argentiferous  fahl  ore 

225 

,,     Turnbull's  .         .         ,     1(52,  303 

„           galena 

225 

,,     vitriol 

.     189 

Argol 

411 

Bone-ash  or  bone-earth      .     135,  283 

Argon         .... 

19 

Boracite     ..... 

.     128 

INDEX. 


469 


Borates 291 

Borofluorides      ....  292 

Boron 237 

„     reactions  of       .         .         .  238 

Bournonite          .        .        .        .  1S7 

Brass 188 

Braunite 149 

Bromates 27>') 

detection  of,  in    pre- 
sence of  chlorates   .  275 
Bromic  acid,  reactions  of  .  275 
Bromides   and  iodides,  distinc- 
tion between  .        .277 
„        chlorides  and  iodides, 

distinction  between  277 
„        detection  of   in    pre- 
sence of  chlorides .  274 
,,        reactions  of         .        .  272 
Bromine     ....      245,  273 

Bronzes 188 

Brookite 374 

Brown  haematite         .         .         .157 
,,      iron    ore,  or  pyrrhoside- 

rite        .         .         .         .157 

Brucine 433 

Brucite 128 


Cacodyl 409 

Cadmium 193 

„        reactions  of         .        .     193 

Caesium 356 

,,        separation  from  rubi-      356 
dium  .         .         .359 

Calamine 153 

Calc  spar 135 

Calcium 135 

„         carbonate  .        .  .60 

„         reactions  of         .         .136 
„         separation  of  Ba,  Sr ,  Ca    1 37 

Calomel 234 

Capillary  pyrites        .         .         .     141 

Caramel 412 

Carbides 178 

Carbimide 304 

Carbolic  acid     .        .        .         .     1 22 

Carbon        ....        36,236 

.,     and  hydrogen, combustion    110 

„     dioxide  .         ...     249 

,,  „      preparation  from 

formic  acid   46,  250 
„  ,,      preparation  from 

oxalic  acid 
,,  „     preparation  from 

potassium  fer- 
rocyanide        .     301 
„     disulphide       .         .         .     428 
„     experiments    ...      36 
„     gas  ....       42 


PAGE 

Carbon  in  iron  or  steel      .        .100 

„      monoxide        ...      45 
Carbonates,  reactions  of    .        .     248 

Carboxyl 406 

Cassiterite  ....     196 

Cast  iron  analysis      ...       99 
Caustic  lime  .         .         .136 

„        magnesia       .         .         .129 

Celestine 134 

Cellulose 419 

Ceric  compounds  .         .     369 

Cerite 368 

Cerium 368 

„        reactions  of .         .         .     369 

„         separation  from  lantha- 
num and  didymium . 
Cerous  compounds     . 
Chalcedony        .... 

Chalk 

Chapter    I.  Nature   and    Com- 
position of  Air    . 

,,        II.  Rusting  of  Metals  . 

„      III.  Composition    of 
Water . 

,,       IV.  Carbon  Compounds 
V.  Sulphur  . 

„      VI.  Quantitative   Exer- 
cises    . 

,,     VII.  Volumetric  Analysis 

„  VIII.  Molecular  Weight  . 

„       IX.  Analytical  Groups, 
Group    V. 


„        X.  „      IV. 

„      XI.  „     III. 

„    XII.  „       II. 

»  XIII.  „         I. 

„    XIV.  Non-Metallic     Ele- 
ments 
„     XV.  Acids 
Charcoal 
Chemical  actions 
Chili  saltpetre     . 
Chlorate,  potassium 
Chlorates,  detected  in  the  pre- 
sence   of    nitrates 
and  chlorides 
reactions  of 
Chloric  acid       .... 
Chlorides,  bromides  and  iodides, 
distinction  between 
„  detected  in  presence 

of  bromides 
„  reactions  of 


370 
368 

288 
136 

10 

15 

23 
36 
49 

54 
81 
112 

120 
132 
139 
179 
225 

236 
,  248 
36-38 
4 
,  124 
,     268 


411       Chlorine 


estimation 
Chlorofoim 
Chloropal   . 
Chi  omates . 
Chrome  iron  ore 
„        yellow  . 


270 

268 
268 

338 

338 
266 
243 
96 
417 
157 
170 
166 
232 


470 


(  hroinio  aci<1,  reai'tions  of 
Ohromiuin  .... 
estimation  of 
,.         reactions  of 
Clin >iny lie  cliloride 
Cinrlittnino 

CiniuiUir     .... 
CilrateH       .... 
i'iirir   arid,   and  tartaric  acid 
distinction       be 
tween  . 
rraciinnsof 
('las^ili^atittn  of  thi*  nivtalH 
(lav  iron>tono    . 

„         allovH  tif 


INDEX. 

vxar. 

170  Cryoscopic  method 

166  Cubic  nitre 
80  Cupellation 

167  Cupramine 
*J67       Cupric  salts 

IHU       Caprons  compoonds 
1S2       C'ararine    . 
413       Cyanates    . 

Cyanic  aoid 

( 'yanides    . 

Cyanogen  . 


(  olmlt 


o.x(H*riiiionts  and  reac 

t  ions  of 
l)I<H>m  (arsenate)  . 
^Iunrt>  . 
pyrites  . 

seimnition  from  nickel 
viiritd    . 
Culmlticv  Imogen 
('(icaiiu*       .... 
CotMia  .... 

CoUiidioii  cut  ton 
Cnldur  reactions,  alkaloitls 
Coloiirinj;  matters,  te>t 
('oliiiid)ile  .... 
Culuiidiiuiii 
Comliiiiin^  \vei^ht.««    . 
CoiiiImisI  ion  for  nitrogen 
(omnion  salt,  investigation  of 
(  oin|MMiiiil  organic  radicaU 
('oiuue         .... 
Copper        .... 
alloAN  of 
and  Mdpliiir    . 
a/.tire  or  mountain  Miie 
ehtimati«)n  of . 
);lanre  or  \  it  rei'UN  copiu' 
mailman  . 
inineruls  of 
native     . 
„       nickel 

<»re,  red.  or  nd»v  ore 
..     varie^att-d,  oi  hor.>e 
llesh  ores 
«•       «»reH 

p.vriteH   . 
reaetlonN  of    . 
Hulpliate  imulyslh  . 
(-opper  zino  couple     ! 
Corrosive  sublimate  . 
Cotton         .... 
CroooiHite  .... 
Crooketi'  dia||[ruiii 
Crude  potnHhus  . 
Cryolite      .  .     l; 


413 
4ia 
120 
157 
llfi 
141 

14ti 
144 
141 
144 
117 
141 

|:{.-. 
4.H.1 

ni» 

i:{.s 
4. -.7 

;»7K 
.■■1 
in.-. 
(>:> 
177 
\X* 
1H7 

1>7 

!)!• 

Is7 
Ml' 
1>> 
1>7 
1  l-J 
1>7 

1S7 

l>7 

1>7 

1>«» 

70 

:U 

T.\  I 

ll!i 

I  t>t> 

.\ix 

\'2{) 

I.  171 


lis 
m 

227 
419 

m 
m 

m 

2»4 
298 


Dark  red  silver  ore  .        .       .  2S 

Datura  stromoninm   .        .       .  4M 

Davy,  J 4fl 

Density,  vapour                  .       .  114 

Depblegmator    .        ...  40 

Dextrine 4S» 

l^ztrose 430 

Diagpram,  Crookes*              .        .  xix 

Diallogite 149 

Diamond 36 

Diaso  reaction  .                 .       .  422 

Dldymium          .         .        .        .  371 

Diffusion 12 

Dimetbylketone          .        .        .  418 

Diopside IM 

Dioptase 1^^ 

Distillation,  fractional  ^ 
Dolomite  ....  128,186 
Dry  reactions  table    .                .852 


E 


118 
158 


138 
458.463 
27 


KuuLLioscopic  metbod 

Klectric  calamine 

Klectrolysis,  analysis  by 

Elements  and  compounds 

Emanium   . 

Emerald  nickel . 

Emery 

Kndotbermic 

Knstatite    . 

Ei)£;omite   . 

Equivalent  reagents  . 

Equivalents 

Erbium 

Erdmann's  reagent    . 

Erytbroxylon  coca     . 

Etiier 

Etbylic  acetate 

Euclase 

Euxenite    . 

K.\nmination  for  acids,  prelimi 

nary .         .       38845 
,,  of     an    unknown 

substance .  .319 
of  solution  for  acids  337 
preliminary   ,      310-18 


435 
417 
418 
360 
367 


INDEX. 


471 


pa<;k 

PAGE 

mic 

5 

Gold,  reactions  of 

.     219 

on  of  a  gas     . 

11 

Grape  sugar 

.     420 

on  . 

.       69 

Graphite     . 

.       36 

Green  copperas  or  green 

vitriol      157 

F 

ti  reenockite 

.     193 

Grey  antimony   . 

.     200 

>re  . 

.     187 

„     nickel  ore  . 

.     142 

's  solution 

.     420 

Group  reagents  . 

.     121 

.     120 

„      I.      .        .        . 

.     235 

tat  ion     . 

.     421 

„      II.     .        .        . 

.     179 

s     . 

.     166 

„      III.  .        .        . 

174-78 

jompounds 

.     163 

„      IV. 

.     132 

anides     . 

.     303 

„      V.     .         . 

.     120 

anides    . 

.     300  . 

„      table 

.     323 

anganese 

.     149 

Gun  cotton 

.     419 

t  compounds   . 

.     162 

Gypsum 

.     136 

ash  in     . 

.       65 

on  . 

.       64 

H 

neasuring 

8 

. 

.     419 

Hair  nickel 

.     142 

. 

.     288 

Halogens    . 

.     242 

par . 

.     136 

group . 

.     242 

es   . 

.     280 

Heavy  spar 

.     133 

reactions  of 

.     280 

Helium,  spectrum  of . 

Frontispiece 

e    .         ... 

.     242 

Holmium    . 

.         .     374 

detection  of,  in  silicates    281 

Hornsilver . 

.     228 

lack 

412,  456 

Horseflesh    ore,    or    variegated 

dehyde,  or  formaline          41 7 

copptjr     . 

.     187 

nide 

.     300 

Hyalite 

.     288 

es    . 

.     407 

Hydrazine      .     . 

.     264 

acid 

.     406 

Hydrazoic  acid  . 

.     265 

„      distinction  of,  from 

Hydriodic  acid  . 

.     275 

acetic  acid 

.     407 

Hydrobromic  acid 

.     271 

ae     . 

.     444 

Mydrochloi'ic  acid 

.     265 

nal  distillation 

.       39 

Hyd roc obaiti cyan ie  acid 

.     303 

s  reagent 

.     428 

Hydrocyanicacid 

.     292 

[  1  y  d  1 0  f  erricy  an  ic  acid 

.     302 

Q 

Hydroferrooyanic  acid 

.     300 

Hydrofluoboric  acid 

.     291 

IXITK 

.     365 

Hydrofluoric  acid 

.     279 

lium 

.     372 

Hydrofluosilicic  acid  . 

.     282 

. 

.     229 

Hydrogen   * 

.       23,  247 

argentiferous . 

.     227 

„          and  carbon  combus- 

Q     .         .         . 

.     404 

tion 

.     109 

ic  couple . 

.       34 

,,          antimonietted 

.     202 

ished  iron 

.     154 

„          arsenietted 

.     212 

rite  . 

.     142 

,,          nascent    . 

.       34.  343 

rbon. 

.       42 

, ,           peroxide,  delicate  test 

eria  procumbens 

.     415 

for         . 

.     125 

i  tables    . 

.     321 

Hydromagneaite 

niura 

.     402 

HydroBulphuric  acid  . 

!     258 

frite  . 

.     128 

Hydroxy  lam  ine  . 

.     264 

sr's  sal*-     . 

.     128 

Hypochlorites     . 

.     270 

nm  . 

.     360 

Hypochloroua  acid     . 

.     270 

e      .        .        . 

.     420 

Hypophoflphorons  acid 

.     287 

ine  . 

.     418 

nitrate 

.     419 

I 

. 

.     218 

illoys  of    . 

.     219 

Index 

.     465 

Qethod  of  assaying 

.     219 

Indigo  copper,  or  blue  co 

pper    .     187 

4flti 


INDEX. 


I'AIJE 

1*  -.x.(;e 

Indinm 

.     :J84 

Lead,  red  (miniam) 

230 

Inorganic  acids,  reactions 

of     .     248 

„      spar . 

V29 

Interchange 

.       58 

„      sugar  of  . 

233 

Introduction 

1 

„      vitriol 

229 

Iodic  acid 

.     278 

Leadhillite 

229 

Iodides,  and  bromides,  di 

stinc- 

Lepidolite  . 

358 

tion  between 

.     ;J38 

Leucophane 

360 

„         chlorides  and  broD 

aides, 

Libethenite 

187 

distinction  bet\? 

veen  .     338 

Lime,  caustic 

136 

,.        reactions  of  . 

.     275 

„     chloride  of 

271 

Iodine 

\*'-l  246 

„     slaked 

136 

„        and  silver 

.       57 

,,     stone 

136 

,,        solution 

.       93 

Limonite    . 

158 

Iodoform 

.     416 

Xinen 

419 

Iridium 

.     395 

List  of  elements 

xvii 

Iron    .... 

.     156 

Litharge    . 

229 

,.     alloys  of     . 

.     1.^8 

Lithia  mica 

354 

„    carbide 

.     158 

Lithium 

858 

,,     cast    . 

.     158 

separation  from  potas  - 

.,     estimation  of 

.       99 

slum . 

359 

,.    experiments  and  reac 

3tions 

.,         of            .         . 

.     160 

M 

,     glance 

.     157 

„     magnetic  oxide  of 

.     157 

Magnesite 

.        128 

„     meteoric    . 

.     156 

Magnesium 

.        128 

.,     micaceous . 

.     157 

estimation      . 

74 

,,     occurrence  in  nature 

.     U>7 

experiments  . 

128 

„     ore,  brown 

.     157 

occurrence  in 

,.      „     needle 

.     157 

nature 

128 

„      ,,     spathic  or  sparry 

.     157 

.,            reactions  of    . 

129 

„     ores   . 

.     1.57 

„           separation 

130 
157 

„     pyrites 

.     1.07 

Magnetic  iron  ore 

.,     specular     . 

.     157 

„          „    pyrites 

157 

Malachite  .... 

U7 

J 

Maltose 

421 

Jamksonite 
Javelle,  eau  de   . 

.     229 

.     208 

Mangan  kiesel   . 

IVIanganates 

Manganese 

„          blende 

149 
151 
149 
149 

K 

„          experiments  and  re - 

Kaolin 

.     289 

actions  of 

151 

im 

409 

212 

1—7 

Kelp  . 
Kieserite    . 
Kobellite    . 
Kolbe's  reaction 

.     240 
.     128 
.     186 
.     415 

Manganic  acid  . 
Marble        .... 
Marsh  gas  .... 
Marsh's  test  for  arsenic 

Martial  pyrites  or  mundic 

8 
49 

L 

Measuring  flask 

Melting  points  . 

Lactose    . 

.     421 

Mendipite  .... 

Laevulose    . 

.     420 

Mercury     .... 

182,  2S^ 

Lanarkite  . 

.     229 

„        (mercuricum),  reactions 

T*anthanum 

.     370 

of      .         .         . 

.    I.S^ 

Lead  . 

185,  229 

,,        (mercurosum), 

reac- 

,,     alloys  of    . 

.     230 

tions  of     . 

;    \^'3 

,,     and  oxygen 

.       54 

Mesitine  spar     . 

.    128 

„     and  sulphur 

.        56 

Metals,  analytical  classifica  tion 

.,     argentiferous 

.     227 

of 

.     121 

,,     estimation  of 

.       71 

Metantimonates 

.     201 

„     ore,  white . 

.     229 

Metantimonic  acid     . 

.     200 

,,    reactions  of 

.     230 

Metantimonious  acid 

.     200 

INDEX. 


47  J^ 


PA«E 

PACK 

Metantimonites 

201 

Nitroprusside,  sodium 

259 

Metaphosphoric  acid 

286 

Nitrous  acid       .... 

262 

Metastannic  acid 

199 

Normal  acid  and  alkali 

86 

Method,  cryoscopic    . 

115 

Notes  to  General  Table     . 

321 

„         eballioscopic 

118 

„         vapour  density 

114 

0 

Micaceous  iron  ore     . 

157 

MiUerite     . 

141 

Oils 

38 

Himetesite 

205 

Oligist  iron  ore  .... 

157 

Ifinium 

230 

Oolitic 

157 

:Mispickel  . 

157 

,204 

Opal 

287 

Monachite 

363 

Orangite 

365 

Monazite    . 

363 

Organic  acids,  reactions  of 

406 

Molecular  weight 

113 

,,       compounds,  separation 

Molybdates 

397 

of      .        .        .        . 

425 

Molybdenite 

397 

Orpiment 

204 

Molybdenum 

397 

Orthite 

365 

Morphine  or  morphia 

427 

Orthoboric  acid  .... 

291 

Mottramite 

385 

Orthophosphoric  acid 

2S3 

Mountain  blue,  or  copper  azure 

187 

Osmates 

:i93 

Mundic 

157 

Osmi-iridium      .... 

392 

Osmites 

393 

N 

Osmium 

392 

Oxalates 

410 

Narcotine       .... 

429 

Oxalic  acid         .         .         .       92.  410 

Needle  iron  ore . 

157 

Oxidation  of  metals  . 

15,  79 

Neodymium        .... 

370 

Oxy-acids 

180 

Nessler's  test  for  traces  of  am- 

Oxy-anhydrides.... 

180 

monia     

127 

Oxy-bases 

180 

Newlands' table 

xviii 

Oxyren       ...         19,   238-39 

Nickel 

141 

Ozone                  .        .        . 

22 

„      alloys      .... 

142 

,,     test  for    .... 

239 

„      arsenical 

141 

„      carbonyl 

249 

P 

„      experiments    and    reac- 

tions of 

143 

Palladic  salts .... 

390 

„      glance     .... 

141 

Palladious  compounds 

388 

„      ochre       .... 

141 

Palladium 

388 

„      separation  from  cobalt  . 

147 

Paracyanogen 

293 

Niobic  (columbic)  anhydride 

378 

Paraffin       .... 

38 

Niobite      .        .        .*      . 

378 

Pea  iron  ore        .... 

157 

Niobium  (columbium) 

378 

Pentathionic  acid 

255 

Nitrates  detection  of,  in  the  pre- 

Perchlorates      .... 

270 

sence  of  chlorates  and  chlo- 

Perchloric acid  . 

270 

rides        

268 

Perchromic  acid,  delicate  test 

Nitrates,  detection  of,  in  water 

263 

for.         .         .         .         . 

170 

Nitre  .        .        .        .        .     120 

,  124 

Periclase 

128 

Nitric  acid         .        .        .        . 

260 

Peridote 

128 

„     and  nitrous  acids,  distinc- 

Permanganate   solution,     pre- 

tion between 

263 

paration  of     . 

90 

„      and  nitrous  acids,   free, 

Persulphuric  acid 

258 

detection  of 

262 

Petalite      .... 

358 

Nitride 

128 

,    Petroleum  .... 

38 

Nitrites 

263 

Pharmacolite 

205 

Nitrobenzene      .... 

421 

Phenacite  .... 

360 

Nitrogen    ....       17 

,  239 

Phenol,  or  carbolic  acid 

422 

„        estimation  bv  conibii.^- 

Phospho-molybdate  . 

285 

tion  .        .*        .        . 

105 

Phosphoric  acids 

283 

Nitro-glycerine  .... 

419 

j    Phosphorous  acid 

286 

Nitrometer 

• 

104 

Phosphorus 

•SI 

.     240 

474 


INDEX. 


pac:e 

Phosphorus  in  iron 

.     102 

Picric  acid . 

.     422 

Pipette 

7 

Pitch  blende      . 

.     379 

Platinam    . 

.     220 

M         alloys  of 

.     220 

M         metals 

.     220 

Plattnerite 

.     234 

Plgiubic  salts     . 

.     230 

Pollux 

.     356 

Poljaalphides     . 

.     180 

Pota^Bium  . 

.     120 

„          dichromat< 

i     normal 

solution 

.       98 

„         estimation 

.      77 

,,         experiment 

s       .        .120 

„         occurrence 

in  nature    120 

FrflsflmdiFTijiuiD   . 

.     370 

Precipitation      ....      69 
Preliminary    examination     for 

acids       ....        333-35 
Preliminary  examination  table 

310-18 


Prussian  blue  . 
Prussiate,  red  . 
„  yellow 
Prussic  acid 
Psilomelane 
Purple  of  Cassius 
Pyrargyrite,  or  dark  red  silver 

ore  . 
Pyrites,  arsenical 

.,        capillary 

„         martial. 
Pyrochlor  . 
Pyrolusite  . 
Pyromorphite 
Pyrophosphoric  acid  . 
Pyrrhosiderite    . 


Qualitative  analysis 
„  tables  . 

Quantitative  exercises 
Quartz 
Quicklime  . 


Quinine 


Radium     . 

Keactions  of  the  metals 

Group  I. 

Group  II. 

Group  III. 

Group  IV. 

Group  V. 
Reactions  of  the 


rare  elements 


Reagents,  directions  for  preparing 


301 
302 
300 
292 
149 
199 

225 
157 

141 
1.57 
368 
149 
229 
286 
157 


120 

307 

54 

287 
136 
429 


390 

226 
179 
139 
132 
120 
354 
(448 


PAGE 

Reagents,  equivalent         .        458-63 

Realgar       .....     204 

Recording  work  .  349-51 

Red  copper  ore,  or  ruby  ore      .     187 

„     haematite    .        .        .        .157 

„    lead    .....     230 

„    manganese,  or  mangan  kiesel  149 

„    prussiate  of  potash  302 

„    zinc  ore       ....     153 

Reduction 80 

Reinsch's  test  .  .^).  .  .  208 
Rewdanskite      .  .        .142 

Rhodium 390 

Rhodonite 157 

Riolite 388 

Roasting,  effect  on  sulphides  .  226 
RocheUesalt  ....  412 
Rock  crystal       ....     287 

„    salt 124 

Rubidium 357 

,,         reactions  of      .        .     357 
„  separation  from  cae- 

sium     .        .        .     857 
Ruby  ore,  or  red  copper  ore  187 

Rusting 15 

Ruthenium         ....     394 

„  reactions  of     .        .     394 

Rutile 374 


S 

SALiOYLio  acid 

Saligenin    . 

Saltpetre    . 

Samarium  . 

Samarskite 

Scandium  . 

Scheele's  green 

Scheelite    . 

Schroetter '  s^apparatus 

Schultz's  reagent 

Scorodite    . 

Selenite 

Selenium    . 

Separation  of  metals,  Group  I. . 

„  ,,  Group  II.   . 

„  „  Group  III. . 

„  „  Group  IV.  . 

«  „  Group  V.     . 

Separation  of  rare  earths   . 

Serpentine 

Silica 

Silicates 

„         decomposed  by  hydro- 
fluoric acid 
,,        decomposition  by  fu- 
sion   with    alkaline 
carbonates 
„         detection  of  alkalis  in 
Silicic  acid         .... 


415 
415 
120 
372 
365 
365 
207 
403 
112 
419 
157 
136 
401 
225 
179 
139 
132 
120 
373 
128 
287 
288 

289 


290 
290 

287 


INDEX. 


47.5 


l>A<]K 

Silicoflaoridet    ....    281 

Silicon 236 

„       estimation  in  metals  99 

Silver 225 

„      and  iodine       ...      57 
„      and  snlphnr  55 

,t      cupellation  of  •  227 

glance  ....  225 
„  native  ....  225 
„      occarrence  in  natare  2:)5 

„      ore,  dark  red  .        .  225 

„      reactions  of     .        .  225 

„      separation  from  non- vola- 
tile metals  in  the  dry 
way     ....     226 
„      standard  solution  of  95 

„      tree  (arbor  Dianse) .  229 

Silvering  glass  ....  229 
tSmaltine,  or  spiess  cobalt .  144,  204 
Smaragdite        .        .  .360 

Sodium 124 

„       amide    ....     305 
„       occurrence  in  nature  124 

n       standardising  bj   .  87 

Solder 197 

Solubilities  of  salts    .  .439 

Sombrerite  ....  283 
Spathic  or  sparry  iron  ore  157 

Spectroscopic  analysis  .122 

Specular  iron  ore  .157 

Speiss  cobalt,  or  smaltine  144,  204 
Spiegeleisen       .        .  .149 

Spodumene  ....  358 
Spongy  platinum  .127 

Sprengelpump  .  .105 

Standard  solution  ...  82 
Stannic  acid       .  .198 

Starch 420 

Steatite 128 

Steels 158 

Stibnite 200 

Strontianite  .135 

Strontium 134 

„         distinction  from  cal- 
cium     .        .        .     135 
„         reactions  of  .135 

Strychnine         .        .  .431 

Sahlimate,  corrosive  .  .     1 83 

Sublimation  .93 

Succinic  acid  .414 

Sugar 38,  420 

Sulpbantimonates  .180 

Sniphantimonites  .180 

Sulpharsenic  acid  .     1 80 

Sulpharsenious  acid  .  .     1 80 

Sulpharsenites  .  .180 

Sulphates,  insoluble,   examina- 
tion of         .         .     252 
„         reduced  to  sulphides    251 
Sulphides  ....       50,  258 


Sulphides  native 

.,        soluble,  detection  of, 
in  the  presence  of 
free      sulphuretted 
hydrogen 
Sulphites    .... 
„       and  thiosulpbates,  dis- 
tinction between 
Sulpho-acids 

„      -anhydrides    . 
„      -bases 
„      -salts 
Sulphocyanic  acid 
Sulphovinic  acid,  or  ethyl  hydro- 
gen sulphate  . 
Sulphur      ....       49, 
„       and  copper    . 

.,    lead 
„         ,,    silver 
,,       as  barium  sulphate 
„       in  iron  . 
Sulphuretted  hydrogen 
Sulphuric  acid   ...       52, 
„  „   free,  detection  of 

in  presence  of 
sulphates 
Sulphurous  acid 


'A(;e 
258 


259 
254 

257 
180 
180 
180 
180 
304 

416 

239 

56 

56 

55 

67 

101 

258 

250 


251 
253 


Tables,  analytical,  qualitative 

,,       dry  reactions 
Talc    .... 
'J'autalite    . 
Tantalum  . 
Tartar  emetic     . 
Tartaric  acid 

,,  „     precipitation     of 

various  metals 
prevented  by 
Tellurium  .... 
Teunantite 

Tephroite  .... 
Terbium  .... 
Thallium    . 

„        extraction  from 
dust 
Thiocyanic  acid 
Thiosulpbates     . 
Thiosulphuric  acid     . 
Thorite       .... 
Thorium     .... 
Thorpe's  apparatus  for  arsenic 
Tin     .         .         •        .         . 
.,    alloys  of       .         .         . 
„    arsenic,  and  antimony,  sepa- 
ration of . 
„    estimation   . 
„    pyrites  (bell  metal  ore) 
,,    reactions  of 


flue 


307 
310 
128 
376 
376 
202 
411 


412 
399 
187 
149 
367 
381 

381 
304 
256 
255 
363 
363 
217 
196 
197 


223 

79 

196 

197 


4.7() 


INDEX. 


PA<SK 

PACE 

Tin  stone    .... 

19G 

Volumetric  analysis,  potassium 

„  ware      .... 

10;> 

permanganate        .     91 

Tin-white  cobalt 

.    in 

,.          silver  nitrate 

.       95 

Titanic  anhydride,  separation  o 

I 

,,          thiosulphate 

.       94 

from  silica 

.    37r) 

Titanite      .... 

374 

w 

Titanium    .... 

374 

Titration     .... 

83 

Wad 

.     149 

Toning        .... 

222 

Wagnerite 

.     168 

Topaz          .... 

171 

Washing     . 

.       65 

Tribromophenol 

422 

Water 

.       23 

L'riethylphosphine,    a   test   foi 

Water  in  salts    . 

.       59 

carbon  disulphide 

423 

Wavellite   . 

.     283 

Triphylline 

358 

Weights      . 

5 

Triplite       .... 

149 

White  antimony 

.     200 

Trona          .... 

124 

„      lead 

.      229,  231 

Tangsten    .... 

403 

).        „    ore    . 

.     229 

Turgite       .... 

ir>7 

,,     precipitate 

.     184 

,,    vitriol 

.     155 

U 

Willemite  . 

.     153 

Uranite    .... 

379 

Wintergreen,  oil  of    . 
Witherite  . 

.  415 
.     133 

Uranium     .... 

,,        ochre  . 
Uranyl 

379 
379 
380 

Wolfram     . 
Wulfenite  . 

.  403 
.     397 

Uran  y lie  compounds . 

381 

Trea'         ....      42 

X  304 

Y 

V 

Yellow  prussiate     . 

.     800 

Ytterbite    . 

.     365 

Vanadite         .        .        .        . 

3sr. 

Ytterbium  . 

.     367 

Vanadium 

3S.''. 

Yttrium 

.     365 

extraction  of    . 

3sr. 

reactions  of . 

.     365 

Variegated  copper,  or  horseflesh 

„       separation     Irom 

er- 

ore 

187 

bium 

.  ^  367 

Varvacite 

149 

Vttrotantalite    . 

.     365 

Vinegar      

408 

Vitreous  copper,  orcopper  glanc 
Vitriol,  lead        .         .         .         . 

e    187 

Z 

229 

Vivianite    .        .        .        .1,5 

r.  2S3 

Zinc  .... 

.     1.53 

Volumetric  analysis 

81-99 

„     alloys 

.     154 

acid  and  alkali 

8i> 

.,    blende 

.     153 

.,        „    sodium  car 

.,     estimation. 

.     260 

bonate 

88 

„    ethyl 

.     154 

,.          chlorine  in  drinking 

.,    glance 

.     153 

water    . 

96 

„    ores    .... 

.     153 

„          iodine 

93 

„     reactions  of 

.     154 

normal  solutions     . 

82 

„     white 

.     154 

l>otassium      dichro- 

Zircon        .... 

.     362 

niate    . 

98 

Zirconium .... 

.     326 

PriDted  by  Kam-antynf  »S-»  Co.  Li>:itei> 
T.A\-istock  Su«t,  London 


September^  1(^1']. 


Illustrated  Books  on      i 

NATURAL 
SCIENCE 


•a- 

.^.,,     ...^,..  -a 

SCIENCE 

§  Published  by  .g- 

I  T.  ^  A.  Churchill  | 

e       . .  9 

&       I  I  9 

g  INDEX  to  SUBJECTS.  ^ 

§  Analysis     .     .     2-^4  Horticulture   .     ,    19  ^ 

&  Bacteriology   ,     .    22  Hygiene,     .     .  75-^7  S 

^  Botany  .     .     .     .    ^9  Microscopy      .     ,   20  g 

^  Chemistry  ,     .     2-i4  Physics  ,     ...    18  ^ 

§  Miscellaneous     ..     21^22  S 

&         I 9 


*^*  The  Publishers  will  be  happy  H 

&                     to    send   their  complete   Illustrated  3 

^                     Catalogue  of  Medical  and  Scientific  ^ 

g                     Books  to  any  address  on  application.  g 

Ira  I 

&  a 

I                                London ;  % 

I               7  Great  Marlborough  Street  | 

g                    w.  I.  i 

•3 


0C;]tS^Cilli]£iuS]£j3CS3CS3Cj3£23C^ 


J.  &  A.  Churchill's- 


TEXTBOOKS  OF  CHEMICAL  RE- 
SEARCH AND  ENGINEERING. 

Edited  by  W.  P.  Dreaper,  F.I.C. 

CATALYSIS  AND  ITS  INDUSTRIAL  APPLICA- 
TIONS. 

By  E.  JoBLiNG,  A.R.C.  Sc,  B.Sc,  F.C.S.  With  12  Illustrations. 
Crown  8vo.     128  pp.,  2s.  6d.  net.  (19 16) 

SURFACE  TENSION  AND  SURFACE  ENERGY, 
AND  THEIR  INFLUENCE  ON  CHEMICAL 
PHENOMENA. 

By  R.  S.  Willows,  M.A.,  D.Sc,  and  E.  Hatschek.  With  17 
Illustrations.     Crown  Svo.     88  pp.,  2s.  6d.  net.  (1915) 

MOLECULAR   PHYSICS. 

By  J.  A.  Crowther,  M.A.,  Fellow  of  St.  John's  College,  Cam- 
bridge. Demonstrator  in  Physics  at  the  Cavendish  Laboratory. 
With  29  Illustrations,  Crown  8vo.     176  pp.,  3s.  6d.  net.     (1914) 

CHEMICAL    ENGINEERING. 

Notes  on  Grinding,  Sifting,  Separating  and  Transporting 
Solids. 

By  J.  W.  HiNCHLEY,  A.R.S.M.,  Wh.,  Sc,  Lecturer  on  Chemical 
Engineering,  Imperial  College  of  Science,  London.  With  70 
Illustrations,  112  pp.     Crown  8vo,  2s.  6d.  net.  (i9H) 

NOTES  ON  CHEMICAL  RESEARCH. 

An  account  of  certain  conditions  which  apply  to  Original 
Investigation. 
By  W.  P.  Dreaper,  F.I.C,  Member  of  Council  of  Institute  of 
Chemistry ;  Member  of  Council  of  Society  of  Dyers  and  Colourists. 
With  a  frontispiece  of  Michael  Faraday.    78  pp.,  Crown  8vo, 
2s.  6d.  net.  (1913) 

AN   INTRODUCTION  TO  THE  PHYSICS   AND 

CHEMISTRY  OF  COLLOIDS. 

By  Emil  Hatschek.  2nd  Edition.  With  17  Illustrations. 
118  pp.      Crown  8vo,  3s.  net.  (1916) 


WHO'S  WHO  IN  SCIENCE,   1914. 

Edited  by  H.  H.  Stephenson.     An  International  Biographical 
Directory  of  the  World's  Leading  Scientists.    684  pp.,  Royal  8vo, 
I  OS.  net. 
■^» ..    ■■■  J,  &  A.  Churchill  r— 


Science  List 


QUANTITATIVE     CHEMICAL     AN- 
ALYSIS. 

Adapted  for   Use  in  the   Laboratories  of  Colleges  and 
Technical   Institutions. 

By  Frank  Clowes,  D.Sc.Lond.,  Emeritus  Professor  of  Chemistry 
in  the  University  College,  Nottingham  ;  and  J.  Bernard  Cole- 
man, Assoc.R.C.Sci.Dublin,  Head  of  the  Chemical  Dept.,  South 
Western  Polytechnic,  Chelsea.  Tenth  Edition.  136  Illustrations. 
602  pp.     8vo,  I  OS.  6d.  net. 


Absorption  Apparatus. 

THE  above  work  was  written  as  a  text-book  for  advanced  students  in 
colleges  and  technical  institutions  ;  but  since  it  treats  somewhat  fully  of 
technical  analysis  as  well  as  of  general  analytical  methods,  it  has  also  been 
largely  used  in  the  laboratories  of  consulting  and  analytical  chemists. 
The  book  is  intended  to  supplement  rather  than  to  replace  oral  instruction  and 
demonstration  by  the  teacher ;  but  it  is  confidently  anticipated  that  the  careful 
and  detailed  descriptions  of  the  processes  will  diminish,  in  a  somewhat  unusual 
degree,  the  tutorial  work  of  the  teacher  and  the  practical  difl&culties  of  the 
student 

The    subject-matter  has  been  arranged  in  seven  parts  and  may  be  briefly 
summarised  as  follows : 

(i)  The  use  of  the  balance;  certain  physical  determinations;  analytical 
operations. 

(2)  Gravimetric  estimations  made  with  simple  metallic  salts. 

(3)  Volumetric  analysis,  including  the  description  of  measuring  vessels 

and  their  calibration. 

(4)  Complex  analyses,  including  the  analysis  of  ores,  industrial  products, 

water,  food,  and  organic  substances.  ♦ 

(5)  Gas  analysis  and  the  determination  of  vapour-densities. 

(6)  Typical    results  of    analyses ;    useful   tables  ;    factors   for  analysis ; 

logarithms  and  atomic  weights. 

(7)  Lists  of  chemicals  and  apparatus  required  for  the  processes  described 

in  the  book.  (1914) 

*^j*   DETAILED    PROSPECTUS    ON    APPLICATION 
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ELEMENTARY  PRACTICAL  CHEM- 
ISTRY AND  QUALITATIVE  ANALYSIS. 

For  Organised  Science  Schools  and  Schools  generally. 
By  Frank  Clowes,  D.Sc.Lond.,  Emeritus  Professor  of  Chemistry 
in    the    University     College,    Nottingham ;     and    J.    Bernard 
Coleman,  Assoc.R.C.SclDublin,  Head  of  Chemical  Department 
South- West  London  Polytechnic,  Chelsea.  With  96  Illustrations. 

Part  I.     GENERAL  CHEMISTRY 

6th  Edition.     258  pp.     Post  8vo.    3s.  6d.  net.    (1914) 

Part  II.     ANALYTICAL  CHEMISTRY. 

8th  Edition.     272  pp.    Post  8vo.    3s.  6d.  net.     (1916) 

QUALITATIVE  ANALYSIS  ^  PRAC- 
TICAL CHEMISTRY. 

Adapted  for  Use  in  the  Laboratories  of  Colleges  and  Schools. 
By  Frank  Clowes,  D.Sc.Lond.,  Emeritus  Professor  of  Chem- 
istry in  the  University  College,  Nottingham.  8th  Edition. 
102  Illustrations  and  Frontispiece.  542  pp.  Post  8vo.  7s.  6d. 
net.  (1908) 

COCOA  AND  CHOCOLATE.    THEIR 

CHEMISTRY  AND  MANUFACTURE. 
By   R.   Whymper.      With   13    Plates    and   19  Text    Figures. 
340  pp.     Royal  8vo,  1 8s.  net.  (1912) 

THE  SYNTHETIC  USE  OF  METALS    - 

IN  ORGANIC  CHEMISTRY. 

By  Arthur  J.  Hale,  B.Sc.  (Lond.),  A.I.C,  Lecturer  and   De- 

monstrator   in   Chemistry  at   the   City    and    Guilds    Technical— ^^ 
College,  Finsbury.     182  pp.     Crown  8vo.     4s.  6d.  net.     (19 14) 

THE  PREPARATION  OF  ORGANICX^^ 

COMPOUNDS. 

By  E.  De  Barry  Barnett,  B.Sc,  A.I.C.  With  50  lUustrations- 
326  pp.     8vo,  8s.  6d.  net.  (1912) 

MODERN  STEEL  ANALYSIS.  A  selec — 

tion  of  Practical  Methods  for  the  Chemical  Analysis  o:^ 
Steel. 

By  J.  A.  PicKARD,  B.Sc,  A.R.C.Sc,  A.I.C,  Carnegie  Researcti 
Scholar  of  the  Iron  and  Steel  Institute.  With  lo  Illustrations. 
136  pp.     Crown  Svo.     3s.  6d.  net.  (1914) 
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A  COURSE  OF  PRACTICAL  CHEMIS- 
TRY FOR  THE  USE  OF  PUBLIC  SCHOOLS. 

By  A.  Beresford  Ryley.  M.A.  (Oxon.),  Assistant  Master,  Malvern  College. 
Illustrated.     164  pp.     Interleaved.     Fcap.  4to,  5s.  net.  (1909) 

MANUAL  OF  CHEMICAL  TECHNO- 
LOGY. 

By  Rudolf  Wagner,  Ph.D.,  Professor  of  Chemical  Technology  at  the 
University  of  Wurtzburg.  Second  English  Edition.  Translated  and  Edited 
by  Sir  Wm.  Crookes,  F.R.S.,  from  the  Thirteenth  Enlarged  German  Edition 
as  remodelled  by  Dr.  Ferdinand  Fischer.  With  596  Engravings.  992  pp. 
Royal  8vo,  32s.  net.  {Reprinted  1904) 

ANNUAL  TABLES  OF  CONSTANTS 

AND  NUMERICAL  DATA,  CHEMICAL,  PHY- 
SICAL AND  TECHNOLOGICAL. 

Compiled  and  published  under  the  patronage  of  the  International  Association 
of  Academies.     By  the  International  Commission  appointed  by  the  Seventh 
International  Congress  of  Applied  Chemistry  (London  1909) — With  a  complete 
Table  of  Contents  in  four  languages  (English,  French,  German,  Italian). 
Vol.  I.  (for  the  year  1910).     766  pp.     4to.     Cloth  Bound,  28s.  6d.  net. 

(1912) 
Vol.11,  (for  the  year  191 1).    780  pp.    4to.    Cloth  Bound,  28s.  6d.  net. 

(1913) 
Vol.  III.  (for  the  year  1912).      648  pp.     4to.     Cloth  Bound,  28s.  6d.  net. 

(1914) 

A  MANUAL  OF  CHEMISTRY,  THEO- 
RETICAL AND  PRACTICAL. 

By  Sir  William  A.  Tilden,  D.Sc,  F.R.S.,  Professor  of  Chemistry  in  the 
Royal  College  of  Science,  London  ;  Examiner  in  Chemistry  to  the  Department 
of  Science  and  Art.  With  2  Plates  and  143  Woodcuts.  616  pp.  Crown  8vo, 
IDS.  net.  (1897) 

CHEMISTRY  OF  CARBON  COM- 
POUNDS OR  ORGANIC  CHEMISTRY. 

By  Henry  Watts,  B.A.,  F.R.S.  Second  Edition.  By  Sir  William  A. 
Tilden,  D.Sc,  F.R.S.    With  Engravings.    662  pp.    Crown  8vo,  los.  net. 

(1886) 

THE    ELEMENTS    OF   CHEMISTRY. 

By  M.  M.  Pattison  Muir,  M.A.,  Fellow  and  Praelector  in  Chemistry  of 
Gonville  and  Caius  College,  Cambridge.  With  Illustrations.  568  pp.  8vo, 
los.  6d.  net.  (1904) 

VOLUMETRIC     ANALYSIS     FOR 

PHARMACEUTICAL  STUDENTS. 

By  C.  H.  Hampshire,  B.Sc,  Lond.,  A. L C. ,  Demonstrator  in  the  Chemical 
Laboratories  of  the  Pharmaceutical  Society.  Illustrated.  112  pp.  Crown 
8vo,  3s.  6d.  net.  (191 2) 
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TREATISE  ON  GENERAL  AND  IN- 
DUSTRIAL CHEMISTRY. 

By  Dr.  Ettore  Molinari,  Professor  of  Industrial  Chemistry  to 
the  Society  for  the  Encouragement  of  Arts  and  Manufactures, 
and  of  Merceology,  at  the  Commercial  University,  Luigi  Bocconi, 
at  Milan. 


INORGANIC. 

Translated  from  the  Third  Re- 
vised and  Amplified  Italian 
Edition  by  Ernest  Feilmann, 
B.Sc,  Ph.D.,  F.I.C. 

Part       I.  General. 
„       II.  Non-Metals. 
„     III.  Metals. 

With  280  Text  Figures  and 
3  Plates.  720  pp.  Royal  8vo. 
21S.  net.  (1912) 

' '  This  is  certainly  a  remarkable 
if  not  unique  boolc,  and  the  Eng- 
lish translation  should  receive  a  cor- 
dial welcome.  Prof.  Molinari  is  a 
pioneer  in  the  work  of  reforming  the 
teaching  of  Chemistry,  so  that  the 
young  chemist  on  the  completion  of 
his  training  may  have  a  clear  and 
definite  knowledge  of  the  practical 
and  economic  aspects  of  chemical 
industry,  and  not  be  at  an  entire  loss 
when  he  is  called  upon  to  take  some 
part  in  the  management  of  chemical 
preparations  on  a  large  scale. ' ' — The 
Chemical  News. 

••  Full  details  are  given  of  the  plant 
used  in  the  modifications  of  various 
industrial  processes,  and  the  book  not 
only  gains  in  interest  by  plan,  but  is 
also  valuable  as  a  source  of  reference 
for  the  technical  chemist  and  patent 
agent.  .  .  .  An  excellent  feature  is 
the  description  of  the  uses  to  which 
the  various  chemical  products  are 
applied,  and  the  statistics  of  the 
values  of  the  quantities  annually 
manufactured  or  exported." — Know- 
ledge, 


ORGANIC. 

Translated  from  the  Second 
Enlarged  and  Revised  Italian 
Edition  by  Thomas  H.  Pope, 
B.Sc,  A.C.G.I.,  F.I.C,  School 
of  Malting  and  Brewing,  Uni- 
versity of  Birmingham. 

Part  J.  General. 

Part  II.  Derivatives  of 
Methane  Hydrocarbons ; 
Halogen  Derivatives  of 
Hydrocarbons;  Alcohols; 
Derivatives  of  Alcohols; 
Acids ;  Derivatives  of 
Acids ;  Aldehydic  or 
Ketonic  Polyhydric  Al- 
cohols. 

Part  III.  Cyclic  Compounds; 
Isocyclic  Compounds. 

With  506  Text  Figures.  790 
pp.     Royal  8vo,  24s.  net. 

(1913) 

• '  For  students  taking  up  industrial 
chemistry  as  a  profession,  the  book 
provides  an  excellent  text-book  and  a 
guide  to  more  specialised  treatises. 
.  .  .  Covers  a  very  wide  range. 
.  .  .  The  illustrations  convey  ex- 
cellent impressions  of  the  numerous 
types  of  machinery  employed." — 
Transactions  of  the  Faraday  Society, 


THE    CHEMISTRY    OF    CYANOGEN 

COMPOUNDS, and  their  Manufacture  and  Estimation. 

By  Herbert  K  Williams.     432  pp.     8vo,  los.  6d.  net. 

(1915) 
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With  313  Illustrations.  890  pp.,  Royal  8vo.  21s.  net. 

BLOXAM'S    CHEMISTRY. 
INORGANIC    AND    ORGANIC. 

With  Experiments.     By  Charles  Loudon  Bloxam. 

TENTH   EDITION,  Revised   and   Rewritten  by  Arthur  G. 

Bloxam,  F.I.C,  Consulting  Chemist  and  Chartered  Patent  Agent, 

and   S.  JuDD    Lewis,  D.Sc,  F.I.C,  Consulting  and  Analytical 

Chemist. 

With  Introduction  by  Prof.  J.  M.  Thomson,  F.R.S. 

Contents. — Water — Air — Acids,  Bases,  Salts — Hydrogen — Halo- 
gen Group — Sulphur  Group — Phosphorous  Group — Carbon  and 
Boron  Groups — Argon  Group — General  Principles  and  Physical 
Chemistry — Chemistry  of  the  Metals — Alkali  Metal  Group — 
Alkaline  Earth  Metal  Group — Magnesium  Group — Aluminium 
Group — Iron  Group — Chromium  Group — Antimony  Group — Tin 
Group — Copper,  Silver,  Gold — Eighth  Group — Organic  Chemistry 
— Hydrocarbons — Alcohols,  Aldehydes,  Acids — Stereochemistry 
— Ketones,  Ethers,  Halogen  Derivatives,  Esters — Metal  and 
Metalloid  Derivatives — Ammonia  Derivatives — Cyanogen  and  its 
Compounds — Phenols,  Q uinones — Carbohydrates — Glucosides — 
Proteins — Heterocyclic  Compounds. 

The  well-thumbed  copies  of  this  n'ork,  which  are  to  be  found  on  the  shelves  of  the  Public 
Libraries,  prove  that  the  book  has  been  of  continued  service  both  to  the  student  of 
Chemistry  and  the  general  reader,  which  was  the  object  set  forth  in  the  first  edition. 
The  present  editors  have  kept  this  tradition  constantly  before  them,  and  ivhile  this 
edition  retains  the  lucid  explanations  necessary  for  the  elementary  student,  it  is  believed 
to  be  still  the  most  compendious  work  on  Chemistry  in  a  single  volume.  The  introduction 
of  precise  details  from  original  memoirs,  which  are  outside  the  scope  of  the  ordinary 
text-book,  increases  the  encyclopedic  value  of  the  work. 

The  development  of  physical  chemistry  has  rendered  necessary  a  re-casting  of  the  various 
chapters  on  general  principles.  Advantage  has  been  taken  of  the  change  to  include  a 
fuller  account  of  crystal  structures,  chemical  constitution,  stereochemistry,  radioactivity, 
the  periodic  classification,  etc. ,  than  is  usual  in  any  books  but  those  devoted  to  these 
particular  subjects.  ( 1 9 1 3) 

*'  Of  its  usefulness  as  a  book  of  reference  there  can  be  no  question." 

The  Chemist  and  Druggist. 

^'Bloxam' s  Chemistry  in  its  new  form  will  be  no  less  invaluable  to  the  present 
generation  of  students  than  its  predecessors  were  to  their  forefathers." 

Chemical  Trade  Journal. 

DETAILED    I'RCSl'ECTUS   ON   APPLICATION. 

BRICKS  AND    ARTIFICIAL  STONES 

OF    NON-PLASTIC  MATERIALS.     Their  Manu- 
facture and  Uses. 

By  Alfred  B.  Searle.  65  Illustrations.  158  pp.  4to,  8s.  6d. 
net.  (1915) 
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FATTY  FOODS. 

EXAMINATION. 

A  Handbook  for  the  use  of  Analytical  and  Technical  Chemists. 
By  E.  Richards  Bolton,  F.C.S.,  Consulting  Analyst  &  Technical 
Chemist,  and  Cecil  Revis,  Chief  Chemist,  Messrs.  Welford  and 
Sons,  Ltd.  With  7  Plates  and  36  Text-figures.  384  pp.  8vo, 
I  OS.  6d.  net. 


—A 


Fruit  ok  Attalea  Cohunb. 

"  This  is  a  volume  that  no  analyst  can  afford  to  be  vjiihout."  journal  of 
State  Medicine, 

"  A  valuable  reference  book  for  the  analyst  and  all  interested  in  edible  oils 
and  fats. ' ' — Bulletin  of  the  Imperial  Institute. 

♦'  The  book  certainly  invites  criticism,  but  it   must   be  on   the   whole   a 

favourable  criticism The  descriptions  of  the  methods  are  models  of 

lucidity. ' ' — The  A  nalyst.  ( 19 1 2) 

%*  DETAILED  PROSPECTUS  ON   APPLICATION. 


THE     PLANT     ALKA- 
LOIDS. 

By  T.  A.  HENRY,  D.Sc.  (Lond.), 
F.C.S.,  Superintendent  of  Labora- 
tories, Scientific  and  Technical  De- 
partment, Imperial  Institute,  London. 
474  PP'    8vo,  1 8s.  net. 

(1913) 

PRACTICAL    CHEMIS- 

TRY.  Qualitative  Exercises 
and  Analytical  Tables  for 
Students. 

By  J.  CAMPBELL  BROWN,  D.Sc, 
LLD.  Sixth  Edition.  Revised  by 
Dr.  G.  D.  BENGOUGH.  80  pp. 
8vo.     2S.  6d.  net.  (1913) 


A  MANUAL  FOR  MA- 
SONS,     BRICKLAYERS, 
CONCRETE  WORKERS, 
AND  PLASTERERS. 
By  J.  VAN  DER  KLOES,  Professor  in 
the  Science  of  Materials  of  Construc- 
tion in  the  U  niversity  at  Delft.  Revised 
and  adapted  to  the  requirements  of 
British   and   American   Readers,   by 
A.  B.  SEARLE.     With  81  Illustra- 
tions. 248  pp.     8s.  6d.  net.     (1914) 

LABORATORY    TEXT- 
BOOK OF  CHEMISTRY. 

By  V.  SEYMOUR  BRYANT.  M.  A., 
Assistant  Master  at  Wellington  Col- 
lege. Part  I.  252  pp.  Royal  4to, 
4s.  net.  (1913) 
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TREATISE  ON  APPLIED  ANALYTI- 
CAL CHEMISTRY. 

Edited  by  Professor  VITTORIO  VILLAVECCHIA.  assisted  by  Nine 
Specialists.  Translated  by  T.  H.  POPE,  B.Sc.,  A.G.C.I..  F.I.C.  In 
2  Volumes.     Illustrated.     {In  tJu  Press.) 

This  work  fills  a  distinct  gap  in  chemical  literature,  and  its  wide  scope  and 
thoroughness  of  treatment  will  render  it  of  value  to  all  analytical  and  industrial 
chemists.  It  deals  with  the  chemical  analysis  and  evaluation  of  commercial 
products  of  all  kinds,  and  for  each  product,  which  is  dealt  with  by  an  expert, 
are  given  proven  methods  for  the  determination  of  the  different  components 
and  for  the  detection  and  quantitative  estimation  of  the  usual  impurities  and 
adulterants,  together  with  actual  analytical  data  relating  to  genuine  samples 
of  the  material  in  question. 

A  HANDBOOK  OF  COLLOID  CHEM- 

ISTRY.     The  Recognition  of  Colloids,  the  Theory  of 
Colloids,  and  their  General  Physico-Chemical  Properties. 

By  Dr.  W.  OSTWALD.  Translated  by  Dr.  M.  H.  FISCHER,  Professor  of 
Physiology  in  the  University  of  Cincinnati.  With  60  Illustrations.  290  pp. 
8vo,  I2S.  6d.  net.  (1916) 

LIQUID  AIR,  OXYGEN,  NITROGEN. 

By  GEORGES  CLAUDE.EngineerLaureateof  the  Institute  of  France.  English 
Edition  corrected  and  brought  up-to-date  bv  the  author,  and  translated  by 
HENRY  E.  P.  COTTRELL,  Assoc.  M.I.C.E..  M.S.C.I.,  F.R.C.L  With  151 
Illustrations.    Royal  8vo.     21s.  net. 

"  The  book  provides  an  admirable  survey  of  the  theory  and  practice  of  the  liquefaction  of  air." 

Chemical  News. 
"  It  is  impossible  to  pa!»  by  the  book  in  silence.  There  is  a  vacant  place  for  it  on  our  book- 
shelves devoted  to  English  technical  literature.  It  is  concerned  witn  a  subject,  the  possibilities 
of  which  are,  even  yet,  but  dimly  realized.  It  is  written  in  a  style  charming  in  itself  and  unpre- 
cedented— we  have  no  hesitation  in  using  the  word— in  its  fiankness  and  humour." — T/ie  Engineer. 

(1913) 
CHEMISTRY  OF  URINE.     A  Practical  Guide  to  the 

Analytical  Examination  of  Diabetic,  Albuminous,  and  Gouty  Urine.     With 
Engravings.     208  pp. ,  8vo,  7s.  6d.  net. 

By  ALFRED  H.  ALLEN,  F.I.C,  F.C.S.,  Public  Analyst  for  the  West 
Riding  of  Yorkshire,  etc.  (1895) 

THE  CHEMISTRY  AND  PHYSICS  OF  DYEING. 

Being  an  account  of  the  relations  between  Fibres  and  Dyes,  the  formation 
of  Lakes,  and  the  general  reactions  of  Colloids,  and  their  solution  state. 
Illustrated  by  curves  and  numerous  tabulated  results.  By  W.  P.  DREAPER, 
F.I.C,  F.C.S.,  Member  of  Council  of  Institute  of  Chemistry;  Member  of 
Council  of  Society  of  Dyers  and  Colourists.     328  pp.     8vo,  los.  6d.  net. 

See  also  Page  2,  (1906) 

THE  METHOD  OF  ENZYME  ACTION. 

By  J.  BEATTY,  M.A.,  M.D.,  D.P.H..  with  Introduction  by  Professor 
E.  H.  STARLING,  M.D.,  Sc.D.,  F.R.S.     152  pp.     8vo.     5s.  net.      (1917) 
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REAGENTS  AND   REACTIONS. 

By  Professor  Dr.  Edgardo  Tognoli,  Royal  University  of  Modena, 
Italy.  Translated  from  the  Italian,  with  additions,  by  C.  Ains- 
woRTH  Mitchell,  F.I.C.    300  pp.    Fcap.  8vo.      s.  net.    (1918) 

An  accurate  summary  of  all  the  more  important  reagents  and  reactions  which 
are  in  constant  use  in  laboratory  practice,  either  for  purely  analytical 
research  or  for  various  applications  in  the  cromatological,  toxicological  and 
clinical  field. 

INDUSTRIAL  ORGANIC   ANALYSIS. 

For  the  use  of  Technical  and  Analytical  Chemists  and 
Students. 

By  Paul  S.  Arup,  B.Sc,  A.C.G.I.,  with  a  Foreword  by  J.  C. 
Irvine,  D.Sc,  Ph.D.,  Professor  of  Chemistry,  University  of 
St.  Andrews.  With  14  Illustrations.  352  pp.  Crown  8vo,  7s.  6d. 
net.  (1913) 

ELEMENTARY  PRACTICAL  METAL- 

LURGY,  for  Technical  Students  and  Others. 
'By  J.  H.  Stansbie,  B.Sc.  (Lond.),  F.I.C,  Associate  of  Birming- 
ham  University   and  Lecturer   on   Metallurgy  in   Birmingham 
Municipal  Technical  School.     With   25    Illustrations.     160  pp. 
Crown  8vo,  3s.  6d.  net.  (1915) 

.  THE      ANALYST'S       LABORATORY 

^  COMPANION  :  a  Collection  of  Tables  and  Data  for 
Chemists  and  Students,  together  with  numerous  ex- 
amples of  Chemical  Calculations  and  concise  Descrip- 
tions of  several  Analytical  Processes. 

By  Alfred  E.  Johnson,  B.Sc.  (Lond.),  F.I.C,  Assoc.R.C.Sc.I. 
Fourth  Edition.     174  pp.     Crown  8vo,  6s.  6d.  net.  (191 2) 

MICROBIOLOGY:  A  TEXT-BOOK  OF 

MICROORGANISMS,  GENERAL  and  APPLIED. 

Edited  by  Charles  E.  Marshall,  Professor  of  Microbiology, 
Massachusetts  Agricultural  College.  With  186  Illustrations. 
924  pp.     8vo,  i2s.  6d.  net.  (191 7) 

RESEARCHES  ON  THE  AFFINITIES 

OF  THE  ELEMENTS. 

By  Geoffrey  Martin,  B.Sc.  With  Illustrations,  Tables  and 
Appendices.     300  pp.     Svo,  i6s.  net.  (1905) 
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THE  CONDUCTION  OF  ELEC- 
TRICITY THROUGH  GASES  AND  RADIO- 
ACTIVITY.    A  Text-Book  with  Experiments. 

By  R.  K.  McClung,  M.A.,  D.Sc,  Lecturer  in  Physics,  University 
of  Manitoba,  Winnipeg,  Manitoba.  With  78  Illustrations.  262 
pp.    8vo,  7s.  6d.  net.  (1910) 

A   HISTORY    OF    CHEMISTRY,  from 

the  Earliest  Times  till  the  Present  Day. 

By  the  late  James  Campbell  Brown,  D.Sc*  (Lond.),  LL.D. 
(Abdn.),  Professor  of  Chemistry,  University  of  Liverpool.  Edited 
by  H.  H.  Brown.  With  a  Portrait  and  io6  Illustrations. 
576  pp.     8vo,  I  OS.  6d.  net. 

•*  Prof.  Brown's  book  is  enriched  with  very  many  illustrations  and  bears 
every  sign  of  being  the  result  of  deep  and  extensive  study.  It  should  be 
in  the  library  of  everyone  interested  in  the  history  of  Alchemy."  — 
Journal  of  the  Oiemical  Society.       '  (1913) 

By  the  same  Author. 

ESSAYS   AND    ADDRESSES. 

With  a  Portrait  and  22  Illustrations.     222  pp.     8vo,  5s.  net. 

(1914) 

A     SYSTEMATIC     HANDBOOK     OF 

VOLUMETRIC  ANALYSIS  ;  or,  the  Quantitative 
Estimation  of  Chemical  Substances  by  measure,  applied 
to  Liquids,  Solids  and  Gases. 

By  Francis  Sutton,  F.I.C,  F.C.S.,  Public  Analyst  for  the  County 
of  Norfolk.  Adapted  to  the  requirements  of  Pure  Chemical 
Research,  Pathological  Chemistry,  Pharmacy,  Metallurgy,  Manu- 
facturing Chemistry,  Photography,  etc.,  and  for  the  Valuation  of 
Substances  used  in  Commerce,  Agriculture,  and  the  Arts.  Tenth 
Edition.  Revised  throughout,  with  numerous  additions,  by 
W.  LiNCOLNE  Sutton,  F.I.C,  Public  Analyst  for  the  County 
of  Suffolk,  and  Alfred  E.  Johnson,  B.Sc.(Lond.),  F.I.C, 
A.R.CSc.I.  With  121  Engravings.   603pp.    8vo,2is.net.    (1911). 

PRACTICAL  CHEMISTRY 

By   WILLIAM   G.    VALENTIN,   F.C.S.,  late  Principal   Demonstrator  of 
Practical  Chemistry  in  the  Science  Training  Schools. 

Tenth  Edition.  By  Dr.  W.  R.  Hodgkinson,  F.R.S.E.,  Professor 
of  Chemistry  and  Physics  in  the  Ordnance  College,  Woolwich. 
With  95  Engravings  and  Map  of  Spectra.     496  pp.     8vo,  los.  net. 

(1908) 
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FOURTH   EDITION.     BY  SPECIALISTS. 

ALLEN'S  COMMERCIAL  ORGANIC 

ANALYSIS. 

A  TREATISE  on  the  Properties,  Proximate  Analytical  Exam- 
inations, and  Modes  of  Assaying  the  various  Organic  Chemicals 
and  Products  employed  in  the  Arts,  Manufactures,  Medicines,  etc. 
With  Concise  Methods  for  the  Detection  and  Determination  of 
their  Impurities,  Adulterations,  and  Products  of  Decomposition. 

Edited  by  W.  A.  Davis,  B.Sc,  A.C.G.I.,  Formerly  Lecturer  and 
Assistant  in  the  Chemical  Research  Laboratory,  City  and  Guilds 
College,  Imperial  College  of  Science  and  Technology,  London 
(Volumes  I.  to  VIII.);  H.  Leffmann,  M.A.,  M.D.,  Professor  of 
Chemistry  and  Toxicology  in  the  Women's  Medical  College  of 
Pennsylvania  (Volumes  I.  and  II.)  ;  and  S.  S.  Sadtler,  S.B.,  Vice^ 
President  of  the  American  Electro-Chemical  Society;  Member  of  the 
American  Institute  of  Chemical  Engineers  (Volumes  III.  to  VIII.) 

Vol.  I. — Introduction,  Alcohols,  Wines  and  Potable  Spirits,  Malt  and  Malt 
Liquors,  Yeast,  Neutral  Alcoholic  Derivatives  and  Acid  Derivatives  of  Alcohols, 
Sugars,  Starch  and  its  Isomerides,  Paper  and  Paper-making  Materials.  586  pp. 
8vo.     86  Figures.     25s.  net.  (1909) 

Vol.  II. — Fixed  Oils,  Fats  and  Waxes,  Lard,  Special  Characters  and  Modes 
of  Examining  Fats,  Oils,  and  Waxes,  Butter  Fat,  Linseed  Oil,  Higher  Fatty 
Acids,  Soap,  Glycerol,  Cholesterol  and  Phytosterol,  Wool  Fat  and  Cloth  Oils. 
530  pp.     8vo.     14  Figures.     25s.  net.  (1910) 

Vol.  III. — Hydrocarbons,  Naphthalene  and  its  Derivatives,  Bitumens, 
Petroleum,  Phenols,  Aromatic  Acids,  Gallic  Acid  and  its  Allies,  Phthalic  Acid 
and  the  Phthaleins,  Explosives.  645  pp.    8vo.    25  Figures.    25s.  net.    (1910) 

Vol.  IV. — Resins,  Essential  Oils,  Hydrocarbons  and  Ketones  of  Essential 
Oils,  Caoutchouc  and  Guttapercha,  Special  Characters  of  Individual  Oils  and 
Terpeneless  Essential  Oils.     474  pp.     8vo,  25s.  net.  (1910) 

Vol.  V. — Tannins,  Analysis  of  Leather,  Dyestuffs  of  Groups  6  to  12, 
Colouring  Matters  of  Natural  Origin,  Dyes  and  Colouring  Matters  (Classes  i 
to  5),  Analysis  of  Colouring  Matters,  Inks;  Carbon  Papers,  Typewriter  Ribbons, 
Colouring  Matters  in  Foods.     713  pp.     8vo.     6  Figures.     25s.net.      (191 1) 

Vol.  VI. — Amines  and  Hydrazines,  Aniline  and  its  Allies,  Naphthylamines 
and  Coal  Tar  Bases,  Alkaloids  (General),  Volatile  Bases,  Nicotine  and  Tobacco 
Products,  Aconite  Bases  and  Atropine,  Coca  Alkaloids,  Opium,  Strychnos 
Alkaloids,  Cinchona  Alkaloids,  Berberine,  Caffeine  (Tea  and  Coffee),  Cocoa 
and  Chocolate.     736  pp.     8vo.     8  Figures.     25s.  net.  (1912) 

Vol.  VII. — Vegetable  Alkaloids,  Ptomaines  or  Putrefaction  Bases,  Gluco- 
sides,  Non-Glucosidal  Bitter  Principles,  Animal  Bases,  Animal  Acids,  Cyanogen 
and  its  Derivatives,  Lactic  Acid.    574  pp.    8vo.    28  Figures.    25s.  net.  (1913) 

Vol.  VIII. — Enzymes,  The  Proteins  and  Albuminoid  Substances,  Proteins 
of  Plants,  Proteins  of  Milk,  Milk,  Milk  Products,  Meat  and  Meat  Products, 
Digestion  Products  of  the  Proteins,  Haemoglobin  and  its  Derivatives,  Albu- 
minoids or  Scleroproteins,  Fibroids.  706  pp.  8vo.  60  Figures.  25s.net.  (19 14) 

SUPPLEMENTARY   AND    INDEX   VOLUME. 

Vol.  IX. — Bringing  up  to  date  the  Articles  in  the  preceding  Eight 
Volumes,  and  containing  General  Index  (Names  and  Subjects)  for  the  Com- 
plete Work.     854  pp.     8vo.     18  Figures.     30s.  net.  (1917) 
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A  SYSTEM  OF  IN- 
STRUCTION IN  CHEMI- 
CAL  ANALYSIS. 

By  REMIGIUS  FRESENIUS.  Pro- 
fessor of  Chemistry  and  Director  of 
the  Chemical  Laboratory  at  Wies- 
baden. 

Qualitative.  Tenth  Edition. 
Translated  from  the  Fifteenth  Ger- 
man Edition,  and  Edited  by  Charles 
E.  Groves.  F.R.S.  With  46  En- 
gravings and  Plate  of  Spectrum  Analy- 
sis.   481  pp.     8vo,  15s.  net.  (1887) 

Quantitative.  Seventh  Edition. 
Vol.  I.  Translated  by  Arthur 
Vacher.  With  106  Engravings. 
524  pp.     8vo,  15s.  net.  (1876) 

Vol.  II.  Translated  by  Charles  E. 
Groves,  F.R.S.  With  143  Engrav- 
ings. 712  pp.  8vo,  20s.  net.    (1900) 


CHEMICAL  TECH- 
NOLOGY ;  or  Chemistry  in 
its  Application  to  Arts  and 
Manufactures. 

Edited  by  CHARLES  EDWARD 
GROVES,  F.R.S..  WILLIAM 
THORP,  B.Sc.  and  W.  J.  DIB- 
DIN.  F.I.C. 

Vol:  L  Fuel  and  its  Appli- 
cations.—By  E.  J.  Mills,  D.Sc, 
F.R.S.,  and  F.  J.  Rowan,  C.E. 
With  7  Plates  (2  coloured)  and  606 
Engravings.  802  pp.  Royal  8vo, 
30s.  net.  (1889) 

Vol.    II.      Liglitfng,— Fats   and 

Oils,  by  W.  Y.  Dent  ;  Stearine  In- 
dustry, by  J.  McArthur  ;  Candle 
Manufacture,  by  L.  Field  and  F.  A. 
Field  ;  The  Petroleum  Industry  and 
Lamps,  by  Sir  Boverton  Redwood  ; 
Miners'  Safety  Lamps,  by  Sir  B. 
Redwood  and  D.  A.  Louis.  With 
358  Engravings.  400  pp.  Royal 
8vo,  2os.  net.  (1895) 

Vol.    III.     Gas   Liglitfng.— By 

Charles  Hunt.  With  2  Plates  and 
292  Engravings.  340  pp.  Royal 
8vo,  i8s.  net.  (1900) 

Vol.  IV.    Electric  Ligliting.— 

By  A.  G.  CooKE,  M.A.,  A.M.LE.E. 
Pliotometry.— By  W.  J.  Dibdin, 
F.LC,  F.C.S.  With  10  Plates  and 
181  Engravings.  396  pp.  Royal 
8vo,  20s.  net.  (1903) 


THE  CHEMISTRY  OF 

THE  TERPENES. 

By  F.  HEUSLER.  Ph.D.,  Bonn  Uni- 
versity. Translated  and  Enlarged 
by  F.  J.  Pond,  Ph.D.,  Pennsylvania 
State  College.  472  pp.  8vo,  17s.  net. 
(1902) 

QUANTITATIVE 

ANALYSIS  IN   PRACTICE. 

By  J.  WADDELL,  B.A..  D.Sc. 
Ph.H,,  Assistant  Professor  of  Chem- 
istry, Queen's  University,  Kingston, 
Canada.  An  introductory  course  de- 
signed for  Colleges  and  Universities. 
170  pp.     8vo,  4s.  6d.  net.       (191 3) 


INTRODUCTION     TO 

CHEMICAL  ANALYSIS. 

By  HUGH  C.  H.  CANDY,  B.A., 
B.Sc,  Lecturer  on  Chemistry  in  the 
London  Hospital  Medical  College. 
126  pp.  Crown  8vo,  3s.  6d.  net. 
(1905) 

A     TEXT  -  BOOK     OF 

PHYSICAL      CHEMISTRY, 
THEORY  AND  PRACTICE, 

By  ARTHUR  W.  EWELL,  Ph.D., 
Assistant  Professor  of  Physics,  Poly- 
technic Institute,  Worcester,  Mass. 
With  102  Illustrations  and  63  Tables. 
380  pp.     8vo,  9s.  6d.  net.       (1910) 


A  SYSTEM  OF  INOR- 
GANIC CHEMISTRY. 

By  SIR  WILLIAM  RAMSAY. 
K.C.B.,  Ph. D.,  F.R.S.,  Professor  of 
Chemistry  in  University  College, 
London.  With  Engravings.  700  pp. 
8vo,  15s.  net  (1891) 


ELEMENTARY  SYS- 
TEMATIC CHEMISTRY  ; 
for  the  use  of  Schools  and 
Colleges. 

Also  by  SIR  WILLIAM  RAMSAY. 
With  Engravings.  360  pp.  Crown 
8vo,  4s.  6d.  net.  (1891) 
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EXPLOSIVES. 

By  A.  Marshall,  A.C.G.I.,  F.I.C.,  F.C.S.,  Chemical  Inspector, 
Indian  Ordnance  Department. 

SECOND   EDITION. 

Dedicated,  by  permission,  to  the  Right  Hon.  D.  Lloyd  George, 
Prime  Minister. 

Volume  I. 

HISTORY   AND   MANUFACTURE. 

Volume  II. 
PROPERTIES   AND   TESTS. 

With  158  Illustrations,  and  Frontispiece  Portrait  of  the  Prime 
Minister.     Two  Volumes.     ^^3  3s.  net.     Crown  4to.     824  pp. 

"  The  general  excellence  of  the  work,  combined  with  the  enormous  develop- 
ment in  the  production  of  explosives,  accounts  for  the  issue  of  a  second 
edition  within  two  years  of  its  first  appearance.  By  far  the  best  hook  written, 
and  the  most  comprehensive  in  the  language.'* — Nature. 

"  Well  known  as  one  of  the  leading  books  on  Explosives.  ...  It  is  both 
instructive  and  interesting.  For  this  reason  it  can  be  read  with  advantage  by 
the  expert  and  the  inexpert,  and  should  form  a  useful  reference  book  to  many 
ofl&cers  of  the  Royal  Artillery  and  Royal  Navy." 

Jl.  of  the  R.  Artillery  Instn. 

•  •  An  up-to-date  text-book  .  .  .  a  fine  piece  of  work.  The  result  of  long  and 
careful  preparation." — Arms  and  Explosives. 

(1917) 

By  the  same  Author. 

A  SHORT  ACCOUNT  of  EXPLOSIVES. 

A  clear  and  simple  account  of  the  main  facts  concerning 
Explosives.  Dedicated,  by  permission,  to  Field-Marshal  Sir 
Douglas  Haig,  K.T.,  etc.  With  29  Illustrations.  104  pp. 
Crown  4to.     5s.  net.  (191 7) 
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SANITATION   IN   WAR. 

By  Major  P.  S.  Lelean,  C.B.,  F.R.C.S.,  D.P.H.,  R.A.M.C., 

Assistant   Professor  of  Hygiene,  Royal  Army  Medical  College. 

With  an  Introduction  by  Surgeon-General  Sir  Alfred  Keogh, 

K.C.B.,  M.D.,  F.R.C.P. 

Contents. — Physical  Fitness  for  War — Anti-typhoid  Inoculation — 

The  March — Sickness  in  the  Army — The  Role  of  Insects  in  War 

— Medical  Organisation  and  Administration  in  the  Field — Field 

Conservancy — Some  New  Departures  in  Field  Sanitation — Water 

and  Water  Supplies. 

Second   Edition.     With  54  Illustrations.      344  pp.     Fcap.  8vo. 

6s.  net.  (19 1 7) 

THE    EXAMINATION   OF    WATERS 

AND  WATER   SUPPLIES. 
By  John  C.  Thresh,  D.Sc,  M.D.,  D.P.H.     Lecturer  on  Public 
Health,  London  Hospital   Medical  College;   Medical  Officer  of 
Health,  Essex  County  Council.     Second  Edition.    With  53  Illus- 
trations.    664  pp.     Royal  8vo,  i8s.  net. 


•'  The  second  edition  is  worthy  of  a  still  more  favourable  reception  than  was 
accorded  to  the  first." — Edinburgh  Medical  Journal. 

"The  book  is  very  complete  in  its  scope,  and  is  now  quite  a  standard 
work.  .  .  .  We  can  strongly  recommend  this  volume  as  a  complete  reliable 
guide  and  book  of  reference. " — Journal  of  State  Medicine. 

Also  by  Dr.  J.  C.  Thresh. 

A     SIMPLE    METHOD    OF    WATER 

ANALYSIS. 

Especially  designed  for  the  use  of  Medical  Officers   of   Health. 
8th  Edition.    72  pp.    Fcap.  8vo,  2s.6d.net.  (1915) 
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THE  THEORY  AND  PRACTICE   OF 

HYGIENE  (NoTTER  &  Firth) 

By  R.  H.  Firth,  F.R.C.S.,  Lt.-Col.  R.A.M.C.,  late  Professor  in 
the  Royal  Army  Medical  College.  Third  Edition.  22  Plates  and 
193  Text  Figures.     24s.  net.  (190S) 

**  There  is  no  other  one-volumed  work  of  the  size  which  can  compare  with  this  in 
utility  and  convenience," — Public  Health. 

FOODS    AND    THEIR    ADULTERA- 

TION.  Origin,  Manufacture  and  Composition  of 
Food  Products  ;  Description  of  Common  Adulterations, 
Food  Standards  and  National  Food  Laws  and  Regu- 
lations. 

By  Harvey  W.  Wiley,  M.D.,  Ph.D.,  Chief  of  Bureau  of 
Chemistry  of  the  U.S.  Department  of  Agriculture,  Washington. 
Second  Edition.  With  1 1  Coloured  Plates,  and  87  other  Illustra- 
tions.    654  pp.     21s.net.  (191 1) 

Science  of  New  York  says:  ••The  book  treats  systematically  and  quite 
exhaustively  of  all  the  principal  food  products,  dealing  in  turn  with  their 
manufacture,  properties  and  composition,  forms  of  adulteration  and  dietetic 
value,  and  including  much  information  of  a  general  nature  concerning  them. 
Beginning  with  the  animal  foods,  it  then  covers  meats  and  the  various  meat 
preparations,  fish,  milk  and  its  products,  and  oleomargarine.  Then  follow 
the  vegetable  foods,  cereals,  vegetables  proper,  condiments,  fruits,  sugar, 
syrup,  confectionery,   honey,  and  finally  infants'  and  invalids'  foods." 

TEXT-BOOK    OF   MEAT    HYGIENE, 

With  Special  Consideration  of  Ante-mortem  and  Post- 
mortem Inspection  of  Food-producing  Animals. 

By  Richard  Edelmann,  Ph.D.,  Professor  at  the  Royal 
Veterinary  High  School,  Dresden.  Authorised  Translation  by 
J.  R.  Mohler,  A.M.,  V.M.D.,  Assistant  Chief  U.S.  Bureau  of 
Animal  Industry,  and  A.  Eichhorn,  D.V.S.,  Chief,  Pathological 
Division,  U.S.  Bureau  of  Animal  Industry.  Third  Edition.  With 
5  Coloured  Plates  and  161  Illustrations.    452  pp.    8vo.    21s.  net 

(1916) 
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PRESERVATIVES     IN    FOOD,    AND 

FOOD  EXAMINATION. 

By  J.  C.  Thresh,  M.D.  ;  and  A.  E.  Porter,  M.D.,  Medical 
Officer  of  Health,  County  and  Borough  of  Reigate ;  late  Demon- 
strator of  Public  Health,  Leeds  University.  With  8  Plates. 
499  pp.     Royal  8 vo.     14s.net. 

The  Lancet  says :  ••  The  book  will  be  valued  for  its  excellent  chapters  on 
the  methods  and  substances  commonly  used  in  the  preservation  and  colouring 
of  foods  as  well  as  for  the  sound  directions  given  for  the  detection  of  such 


preservatives. ' ' 

A     GUIDE    TO     THE 
MICROSCOPICAL      EX- 
AMINATION OF  DRINK- 
ING WATER. 
By  SIR  JOHN  D.  MACDONALD, 
K.C.B.,  M.D.,  F.R.S..  Ex-Professor 
of   Naval    Hygiene,   Army    Medical 
School.     With  an  Appendix  on  the 
Microscopical    Examination    of    air. 
Second    Edition       With    25    Litho- 
graphic    Plates,     containing     many 
Figures.     8vo,  7s.  6d.  net.     (1883) 

A  TREATISE  ON 
HYGIENE  AND  PUBLIC 
HEALTH. 
By  SIR  THOMAS  STEVENSON, 
M.D.,  F.R.C. P.,  Lecturer  on  Chem- 
istry and  on  Medical  Jurisprudence 
at  Guy's  Hospital ;  Official  Analyst 
to  the  Home  Office;  and  SIR 
SHIRLEY  F.  MURPHY,  Medical 
Officer  of  Health  of  the  Adminis- 
trative County  of  London  (Editors). 
In  Three  Volumes.  Royal  Svo. 
Vol.  I.  With  9  Plates  and  186  En- 
gravings.  econd  Edition.  1,013  pp. 
Royal  8vo,  28s.  net.  (1896) 

Vol.  II.     With  45  Plates  and  54  En- 
gravings.   847  pp.    Roy.  8vo,  32s.  net. 

(1893) 
Vol.  III.    460  pp.   Roy.  8vo.  20s.  net. 

(1894) 

THE  MICROSCOPICAL 
EXAMINATION  OF 
FOODS  AND  DRUGS. 
A  Practical  Introduction  to  the 
Methods  adopted  in  the  Microscopical 
Examination  of  Foods  and  Drugs  in 
the  Entire,  Crushed  and  Powdered 
states.  By  H.  G.  GREENISH,  F.I.C., 
F.L.S.,  Professor  of  Pharmaceutics 
to  the  Pharmaceutical  Society  of 
Great  Britain,  and  Director  of  the 
Pharmacy    Research    Laboratory. 

Second  Edition.  With  209  Illus- 
trations. 406  pp.  Royal  8vo, 
I2S.  6d.  net.  (1910) 


(1906) 

THE    ORGANIC  ANA- 
LYSIS    OF     POTABLE 
WATERS. 
Bv  J.  A.  BLAn<.  M.B..  CM.,  D.Sc. 
Edin.,  L.R.C.P.Lond.     Second  Edi- 
tion.    120  pp.     Cr,  8vo,  3s.  6d.  net. 
(1891) 

AN  ANATOMICAL 

ATLAS  OF  VEGETABLE 

POWDERS,  an   Indispens- 

able  Aid  to  the  Microscopic 

Analysis  of  Powdered  Foods 

and  Drugs. 

By   Professor    H.    G.    GREENISH 

and  EUGENE  COLLIN.     With  138 

Illus.   238  pp.  4to,  12s.6d.net.    (1904) 

LESSONS      ON      ELE- 
MENTARY     HYGIENE 
AND    SANITATION, 
with  Special  Reference  to  the 
Tropics. 
By  W.  T.  PROUT,  C.M.G.,  M.B., 
CM. Edin.,  Medical   Adviser  to   the 
Colonial     Ofl&ce;      Hon.     Lecturer, 
School  of  Tropical  Medicine,  Liver- 
pool.   Fourth  Edition.    With  60  Illus. 
204  pp.      8vo,  2S.  6d.  net.     (1915) 

A  HANDBOOK   OF 

HYGIENE    AND    SANI- 
TARY SCIENCE. 

ByGEORGE  WILSON,  M.A.,M.D., 
LL.D.,  D.P.H.Camb.,  Medical  Offi- 
cer of  Health  for  Mid- Warwickshire. 
Eighth  Edition.  With  Engravings. 
825  pp.    Post  8vo,  I2S.  6d.  net.    (1898) 

MANUAL  (?/ HYGIENE. 

By  W.  H.  HAMER,  M.D.,  D.P.H.. 
F.R.C.P.,  Lecturer  on  Public  Health 
St.  Bartholomew's  Hospital;  Assis- 
tant Medical  Officer  of  Health  of  the 
Administrative  County  of  London. 
With  93  Illustrations.  634  pp.  8vo, 
I2S.  6d.  net.  (1902) 
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A  TEXT-BOOK  OF  PHYSICS. 

By  A.  WiLMER  Duff,  D.Sc,  Professor  of  Physics,  Polytechnic 
Institute,  Worcester,  Mass.  Fourth  Edition.  609  Figures.  706  pp. 
8vo,  los.  6d.  net.  (1916) 

A    HANDBOOK    OF    PHYSICS   AND 

CHEMISTRY,  adapted  to  the  Requirements  of  the 
First  Examination  of  the  Conjoint  Medical  Board, 
and  for  general  use. 

By  H.  E.  CoRBiN,  B.Sc.  (Lond.),  M.R.C.S.,  L.R.C.P.,  Medical 
Superintendent,  London  Fever  Hospital;  and  A.  M.  Stewart, 
M.A.,  B.S.(Lond.),  Headmaster,  Alresford  Grammar  School. 
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